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prefacp: to second edition 


Although a comparatively short time has elapsed since the 
appearance of the first edition, so much new material of importance 
relating to clay has a{?peared that it has been deemed advisable to 
incorporate as much of this as pos^iLlc- in the second edition. These 
additions occur mainly in tlie chapters on Occurrence, Properties, 
and Geogra[)hic Distribution. An endeavor has also been made to 
correct any typographical errors which the first edition contained. 

*Since the work is not one treating in detail of the manufacture of 
clay products, this part of the work has not been enlarged; indeed, 
it was included originally simply for the purpose of giving a brief 
idea cl the ’processes which (days had to pass through in their con- 
version into ceramic products. 

Acknowledgements arc due to Messrs. E. C. Stover, Trenton, N. J,; 
H. A. Wheeler and !>. Parker, St. Louis, Mo.; A. Ilottinger, Chicago, 
111.; and W. H. Corsline, of Rochester, N. Y., for criticisms of portions 
of the work. 


Cornell llNiVERSiTr, Ithaca, N. Y. 
July, 1908. 


H. R. 




PHKFACE TO F11{ST EDI TION 


Few iiiiiioriil products have, jx'rliaps, boon niorc cxicnsivoly troalod 
in the scientific and lechiiical litoraturo than clay, but the published 
facts are widely scattered, and many of tlioni are not always easily 
accessible. 

It has therefore seemed to the author that there is a demand for a 
comprehensive work on the subj(‘ct, which may be of yalue to geologists, 
cliemists, and others interest, (al in clay and its applications. 

As the title of the woik indicates, the subject is treated mainly from 
the American stand[)oint, and in the pre[)aration of it the author has 
drawn freely on his own [Hiblislunl reports as well as those of olliors. 

'the arrangement of (lui subject-matter of the State descri})tions by 
geologic formations has lieim selected as permitting the greati'st uni- 
formity of treatment, and those desiring to look up the distribution of 
any one kind of clay can easily do so by reference to the Index. 

Fredit for information is usuidly given in foot-notes; but where some 
particular re})ort has been freely drawn upon, this is indicated I)y a 
parenthesis containing the number of the reference in the bibliograpliy 
following each State. 

The author wishes to expn'ss his thanks to Dr. G. P. Merrill of the 
United^ States National Museum for many helpful suggestions received 
^ during the course of his work; and to Mr. S. Geij.slx'ek of Seattle, Wash., 
for assistance rendered during the compilation of the manuscript. 

Acknowledgments are similarly due to Profe.ssors G. S. Prosser and 
E, Orton, Jr., of Ohio State University; Prof. H. A. Wheeler and Mr. 
Lemon Parker of St. Louis, Mo.; Prof. I. A. Williams, Iowa Geological 
Survey; Dr. E. A. Smith, Alabama Geological Survey; Dr. G. P. Grims- 
ley. West Virginia Geological Survey; Dr. W. IL Clark, Maryland Geo- 
logical Survey; Dr. D. H. Newland, New York Geological Survey; Dr. 
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II. B. Kuirimcl, New Jersey Geological Survey; and Mr. H. Leighton, 
Cornell University. Dr. W. B. Phillips, former State Geologist of Texas, 
has kindly given the author permission to publish thg facts relating to 
that State. ' r 

For the loan of cuts the writer is indebted to the American Clay 
Machinery Co., Bucyrus, Ohio; Chambers Brothers Co., Philadelphia, 
Pa.; Henry Martin Machine Co., J;ancaster, Pa.; and Bergstrom & Bass, 
Brooklyn, N. Y. Many others have kindly loaned photographs, and to 
each of these acknowledgment is made under the respective illustrations. 

(’oKNELi. University, Ithaca, N. Y., 

July, 190r». 
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CLAYS 

71h:ir occurrence, properties, and uses 


C'HAl'TKR I 

ORIGIN OF OLAY 

Definition. — Olay is the term npjilic'd to tlioso oartliy nintoriiils 
ocpurriii^ in nature whose most [irominent, property is that of plaslicity 
when \v(‘t. On this account tlaw can 1)0 ni()l(lc<l into almost any (1(‘, sired 
* shape, which is retained when dry. Furthermore, if healed to rcdiK'ss, 
or hi^i:h(‘r, tla^ material becomi'S liard and rock-lik(‘. Physic, ally, clay is 
made up o| a number of small parlicU's mostly of mineral character, 
ransin^i; from grains of coarse sand to thos(‘ which are of micro.seopic; 
size, or under one one-thousandth (»f a millimet(‘r in diameter. Miiaa-a- 
lo^^ically, it consists (1) of many different mineral fra^cmenls, sonx' of 
them fresh, but others in all stayes of decay, and representing cluanically 
many different compounds, such as oxides, carbonates, silicates, hydrox- 
ides, etc.; (2) of colloidal mati'rial which mi<>,ht be of either organics or 
mineral character.^ 

'Phese points arc discussed in more detail, however, on a later page 
(see Minerals in Clays, Physical properties and Chemical conijiosition). 

Weathering processes involved.— Clays are always of secondary ori- 
gin mid result primarily from the decom|)osition of other rocks, very 
fj^qiymtly from rocks containing fi'ldsjiar, so that for this reason many 
^riters have intimated that it was always deriv<‘d from feldspathic ro(*ks. 
There are some rock species, howe^’er, that contain no feldspar (such as 
serpentine), and others with very little (as some galibros), which, on 
weathering, produc*e some of the most plastic clays known. 


* H. Ries, Mtl. r,eoI. Surv., IV, 2.51, lt)02; A. hJ. Cushman, Jour. Amer. Chem, 
)c., XXV, 5; A.shicy, U. S. Geol. Surv., Bull. 388, 1909; Davis, Amer. Inst. Min* 
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In order to trace tlie chan^>;cs occurring in the formation of clay we 
may take the case of a ro(*k like granite. 

When such a mass of rock is e\pos(‘d to the wenther, minute cracks 
are formed in it, due to the rock expanding wlaai h('ated by Ihe sun 
and contracting when cooled at night, or they may be joint planes foriiKKl 
by (li(‘ contraction of tlie rock as it cooled from a molten condition. Into 
these' cracks the rain-water percolates and, wlum it freezes in cold weather, 
it ex])ands, then'by ('\(Tting a prying action, which furtlu'r o])ens the 
fissures, or may e\en wedge off fragments of the rock. Jdant-rooL' icVce 
tlu'ir way into tlu'se cracks, and, as tlu'v ('X])and, supplenu'iit the action 
of the frost, tlms furtluT aiding in the l)r('aking u[) of llu' mass. This 
process alone, if k('pt up, may reduce the ro(‘k to a ma.ss of small angular 
fragiiKMits, or ('\en a mass of sand. 

Th(' rock Ian mg Ix'en opemed up by disintegrative' fe)re'e*s. the' silie-ates 
are ne'xt attacked by the surfae'e'-wate'rs, altheuigh those' e'xpose'd on the 
surface' of the ste)ne' may adre'aelx lan e' begun to e'hange'. 

It lais usually be'e'u suppose'd that the ele'composition of the silicates 
in the' re)ck, sue-h as tVldsp'ar, is e*ause'el e'hie'lly by the elisse)l\'eMl e'arbon 
die)xide, whie*h is jmdadely always pre'sent in the' ])e'i’e‘e)lating Avate'i’s,,* 
a.nd this vie'W was aelvane'e'el by lorse'liammer as e'arlv as iSdod as we'll 
as by otlie'i' writers late'r;^ l)ut, as j)e)int('el e)Ul by Cameron anel He'll, 
this is ve'rv eloubtful, iji vie'W eef the fact that many e)f the mr.ierals found 
in roe'ks are known to be soluble in water alone', althejugh the'ir solutie)n 
may take' plae'e but sle)wly. The' water, me)re'e)\ e'r, is belie've'd to ivact 
with e)r h\elre)Iyze‘ them, as is she)wn by the' fae;t that an alkaline re'ae'tion c 
can be obtaine'el with phe'iiolphtliale'in, afte'r tre'ating pejwelere'd mine'rals 
with A\ate'r fre'c freun elis,se)lveel e'arbon elioxiele'. 

The rate' eef se)lubility varie's, eef e'enme', A\ith the' diffe're'nt minerals, 
the magiu'siiim-be'aring mie'as be'ing more' soluble than muscovite, anel 
albite me)re so than orthe)e'lase, Avith o|ige)e'lase be'twe('n.‘* (larke' found 
that muse'ovite, lej/ielolite, ])hlogopite, orthocla.se, oligoe-lase', albite', le'U- 
cite. nejdu'lite, cancrinite spe)elumene, scapolite, and many ze'e)lite's, all 
elisse)lve in water, giving an alkaline reaction, and the .same has''^e'e'n 
shoAvn of f)the'rs.^’ • * 

Ann., XXXV, p. 331, lS:i5. 

‘ Kogens, Amer. Jejur. Sci., V, p. 404, l.StS; Bischof, Katurhisi. Vcr. Bonn, 
XII, p. ^J08, 1855; ])aubre''e, Coiiipt. ren., J>\1V, p. 559, 1807; MilJer, T.schcnn. 
Mitth., 1877, p 51. _ 

^Biir. of 8ejils, Bull. 50, p. 10, 1905; also Cushman aneT Hubbard, Bull. 28, 
Office of I^ublic Jtoads, Washington. 

Mlerrill, Bocks, Rock-\veathenn» and Soils, p. 234, 1897. 

5 U. S. Geol, Surv., Bull., 107, p.'l5(), 1900. 

•See Bull. 50, Bur. of Soils, ieir numerous references on this subject; also 
Stremme, Zeitschr. prak. Geol, XVI, p. 122. 
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THe action of water on orthoclase is assumed to be somewhat accord- 
ing to the following formula 

;* . KAlSi308+H()H=K0H+HAlSi308. 

The potassium hydrate thus formed may unite with carbon dioxide 
to form either a carbonate or bicarbonate of potash, or it is possible 
tha^ii^may unite with other acids, forming salts more soluble than the 
orthoclase in the hydrolyzed acid. 

The HAlSi 30 y formed is apparently unstable, and may lose some of 
its quartz, resulting in the formation of kaolinite, pyrophyllite, or dia- 
spore, but the lirst of these appears to be more commonly formed in 
the weathering of feldspar. 

Kaolinization. — ^This alteration of the feldspir is termed kaolinization, 
and the mineral kaolinite is always of secondary character. The changes 
W’hich take place in the alteration of several species of feldspar may be 
given as follows : 


• 

SiOj 

Al,/), 

K./) 

H,0 

% 

Orthoclase 

64.86 

18 29 

16 85 

100 00 

Lost 

43.24 


16.85 


60.09 

Taken up . . , 




6.45 

6.45 

Kaolinite 

21 62 

18.29 


6.45 

46.36 


SiOg 

AljO, 

NajO 

up 

% 

,Albito 

68 HI 

19 4() 

11.79 


100 00 

Lost 

Taken up 

45 87 


11.79 

' 6 H5 

57.66 

6.85 





Kaolinite 

22 94 

19.40 


6.85 

49.10 


SiO, 

AIA 

CaO 

H,0 

% 

Anorthite 

43.30 

36 63 

20.07 


100.00 

Lost 



20 07 


20, 07 

Taken up 




12.92 

12.92 

Kaolinite 

43.30 

36.63 


12.92 

92.85 

j(x be seen from this that both the orthoclase and plagioclase 

pght yield kaolinite; in 

fact the plagioclase 

varieties decompose more 

eadily than orthoclase.^ 






‘ Vogt^ has recorded an occurrence of kaolin near .losingfjord, atEker- 


* CaiaerQp and Bell, 1. c., p. 18. 

Kaolins and fire-clays of Europe, U. S. Gcol. Surv., 19th Ann. Kept., 
Yj^ctd.), p. 377, 1898; Leimberg, Zeitsch.d. d. Geol. Gea., Vol. 35, 1883; Rosier, 


Beil. Bd. XV, 2d Heft, p. 231. 

* Amer?^. Min. Eng., Trans., XXXI, p. 151, 1902. 
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siind-Soggondal, Nonvay, which is formed from labradorite, the different 
stages ill the change being indicated by tlie following analyses: 



Labni- 

(lonte 

Labradorite 
partly kaoli- 
mzed. 

Massive kaolin, more or less pure. 

f 

Kao- 

limte. 

1 

11 

I 

11 

III 

IV 

V 

Silloa (S 1 O 2 ) 

Aliuiiina (Al/lO 

Inin o.vule (l'i 20 j) 
Lime ((at)) 

Magnc'^i.i (MkO) 
J’otash (KjO) 
SodaCNajO) . 

Water (II 2 O) 

.'■)4 5 
27 U 
2 ."> 
9 0 
1 0 
1 0 
5 U 

.'•)() 0.{ 
2S «»() 
1 ()2 
4 21 
2 95 

[ 1 OU 
11 90 

■ 49 IG 
29 GO 
1 88 
3 17 
1 (,7 

undet 1 
1.3 6.3 

48 61 
29 45 
3 40 
68 
49 

undet. 

16 .38 

48 OG 
[38.57 

1 undet 

12 05 

47 83 
134 .53 
( 1 70 
] 48 

59 

J undet 

13 76 

47 72: 
37 40 
1 59 
2.3 
11 
44 
76 

11 66 

46 85 46 50 
37 56 39 56 

tr 

[ undet 

14 44 I 13 94 

Total 

KM) 0 

100 :u 

(99 41) 

(99 01) 

(99 .58) 

(98 89) 

99 91 

(99 85) 100 00 


Prof. Vogt believes that the kaolinization here is due to the action of 
carbonic-acid waters, b(?causc calcite occasionally occurs with the kaolin- 
However, from what has lieen said on page 2, the presence of this min- 
eral would not necessarily show that the acid above mentioned had 
assisted in the decomposition of the feldspar, but simply that it -had 
united with the lime set free during the breaking up of the labradorite. 

While it is probable that other silicates, such as hornblende or augitc, 
yield a hydrous aluminum silicate, it is not known that it.is kaolinite,^ 
but their decomposition no doubt proceeds in a manner similar to that 
of feldspar. 

\^ogt,2 on the other hand, states that hornblende, augite, beryl, topaz, ^ 
etc., are known to be occasionally converted into kaolinite, but gives 
no evidence. 

Quartz, although apparently resistent, is not left untouched, for it 
too is slightly soluble, but, aside from that originally present in the rock, 
silica may have been liberated during the decomposition of some of the 
silicates, such as feldspar. 

It has been found that in soils, and the same may be said of clays, 
quartz has accumulated in relatively large proportions. It n^y be 
present as quartz, amygdaloidal silica, or perhaps other forms., ^ere 
is, however, a tendency for it to be gradually changed over into olW, 
forms of quartz through solution and redeposition. ^ \ 


‘ Merrill, Rocks, Rock-weathering and Soils, p. 21, 1897. 

* Problems in the Geology of Ore Deposits, Trans. Amer. Inst. Min. Eng. 

XXXI, p. 151, 1902. V 

* Hayes, Bull. Geol. Soc. Amer., VllI, p. 213, 1897, and Jour. Geol., 

1897. 
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While there is undoubtedly lack of absolute proof that other silicates 
than feldspar yield kaolinite, all clays appear to contain a variable amount 
of some hydrated silicate of aluminum, which may be present in some 
qi^ntity, since it is a hijjjhly insoluble natural compound; and even 
though the^tatemciit is frequently made that this silicate is the mineral 
kaolinite, the fact is at times somewhat dillicult of proof; indeed the 
evidence is clearly agaiiist it in some cases. 

This hydrated aluminum silicate is sometimes referred to as the clay 
subsla*icc or clay base.^ 

Kaolinization by pneumatolysis.— Aside from the kaolinization of 
feldspar by the ordinary processes of weathering it s('ems possible', and 
even probable, that its decomposition may have been brought about by 
the action of mineralizing vapors, as at Cornwall, Eng,, wlu'rc it was 
found that the feldspar of the granite on both sides of the tin ve'ins had 
been kaolinized. This change is attributed to the action of fluoric vapors, 
whose presence is pretty clearly indicated by the finding of such minerals 
as tourmaline and topaz. 

That such a process is possible is shown by J. 11. Collins ^ who ex- 
^sed feldspar to the action of hydrofluoric acid. The feldspar, accord- 
ing to Mr. Collins, was converted into hydrated silicate of alumina, mixed 
with soluble fluoride of potassium, while pure silica was deposited on 
the sides of tlie tube. 

With such treatment the orthoclase vielded more readily than eilher 
albite or oligoclase. 'fhe following analvses show the effect of ()(> hours’ 
•treatment of orthoclase with hydrofluoric acid at 00° F.: 



I. 

IT. 

III. 

Silica (8iO.^) 

63 70 

49 20 

41 10 

Alumina (AfOj) 

19 76 

35 12 

40 2.5 

Potash (K^O) 

13 61 

12 

2.') 

Soda (Na.,0) 

2 26 

tr 

tr. 

Ferric oxide (Fepj 

71 

tr 

tr 

Water (1^0) 

tr 

11 20 

1.5 01 


100.04 

98.64 

99.61 


I is the original feldspar. 

II is inner layer of altered h'ldspar. 
Ill is outer layer of altered feldsjiar. 


‘ The term is now rather loosely used, however, and in impure clays includes 
^'<‘tically all of the very finest particles. 

1887. VII, p. 213. 
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From the analysis it will be seen that the composition of the outer 
layer simply approximates that of kaolinite. 

The artificial clay thus produced, when examined under the micro- 
scope, resembled washed kaolin. It showed no hexagonal scales, l^ut 
contained a number of minute colorless cubes which arc supposed to 6e 
fluorspar. 

llie theory advanced by Mr. Collins was earlier suggested by Von 
Buch and Daubree.^ 

The former early observed the constant occurrence of kaoIii^'^,th 
minerals containing fluorin, and suggested that the kaolin of Halle, 
Germany, owed its origin to hydrofluoric acid.^ 

Daubree considered that the kaolin nt'ar St. Austell in Cornwall, ^ 
Central France, and the Erzgebirge must have had a similar origin. 

The formation of kaolin by other causes than surface agencies has 
been referred to by B. von Inkcy and Semper as a product of propyliti- 
zation in some cases.^ Cross and Penrose ^ liave sought to suggest a 
pneurnatolytic origin for the kaolin found in some of the Cripple Creek, 
Colo., mines, but Ransomc and Lindgren ^ have rather disputed this. 

If Mr. Collins’ theory be correct, the kaolin deposits should extend 
to great depths, but if the kaolinization be duo to weathering, then we 
should encounter undccornposcd feldspar at the limit to which weather* 
ing has reached. In Cornwall the kaolin mines, which arc 'probably the 
largest in the world, have reached a depth of over 400 feet without the 
kaolin giving out, while at Zettlitz in Bohemia a similar depth has been 
proven with the same result. The latter locality is one of thermal cc-* 
tivity. In these two instances the theory just mentioned seems to 1 e 
very reasonable. There are many localities, however, where the kaolin 
decreases with the depth, passing into the undecomposed feldspar, as 
is the case, for example, in North Carolina, where the fresh feldspar is 
met at a depth of GO to 120 feet, in Pennsylvania, and also in Delaware. 
More recently Rosier^ has advanced the view, on what seems to the writer 
rather ins::fficient evidence, that the kaolinization of feldspars is never 

^ 

‘ Annales des mines, XX, 1841. 

* Min. Tasch., 1824. The writer can state from personal examination that tl|P® 
Halle kaolins were formed by ordinary wcatlieiing. E. Wiist, Zeitsehr. pral^ 
Geol., XV, p. 19. believes humic acid has played the main role in the kaolinization. 

* flltudes synth^tiqnes dc Geologic Exp^rimentale, 1879. 

* Nagyag u. seine Lagerstfttten, Budapest, 1885. 

®U. S. Geol. Surv., IBth Ann. Kept., Pt. II, p. IfiO. 

* U. S. Geol. Surv., Bull. 254, p. 21, 1904. 

’ H. Rosier, Beitrftge zur kenntniss der Kaolinlagerstfitten, Neues JahsH^f^n., 
Geol. u. Pah, XV. Beilage-Band, 2d Heft, pp. 231-393, 
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due to atmospheric action, but to post- volcanic pneumatolytic and 
pneumato-hydatogenic processes.^ 

The very fijct that many of our kaolins pass into undecoinposetl 
fpldspar or fcldspathic rock when the limit of weathering is reached 
Shows tlic'incorrectness of such a broad statement.^ 


Residual Clay 

Where the clay is thus found oveuiying the rock from wlilcli it was 
fo’:‘'»‘(I, it is termed a n'sidual clay, because it represents the re.siduc 
of rock deca}^, and its grains are more or less insoluble. 

If now a granite which is (‘omposed chiefly of feldspar decays under 
weathering action, the rock will be converted into a clayey mass, \\ilh 
(piartz and mi{*a scattered through it. Kemembering that the weatlua- 
ing ])('gan at the surface and has been going on there for a longc'r pcTiod 
than in dei'per portions of the rock, we should exjiect to find, on digging 
dow'invard from the surface, (J) a la^’cr of fully fornu'd cla}', (/>) below" 
this a poorly detiiUHl zone containing clay and some jiartially decomposed 
rock fragments, (C) a third zone, with some clay and many r<»ck fragments, 
grilling downward into the solid bed-rock. (Fig. 1.) In other words, 



Fio, 1- Soction showing the passage of the fully forn\(>(l roddual clay on the sur- 
face into tlie solid Ixal-rock Ixdow'. A, clay; B, clay and partly dc'cniposed 
rock; C, bed-rock below, passing u[)W'ard into rock fragments will, a little clay. 


tistially a gradual transition from tin* fully formed clay at the 
"‘^urface into the parent rock beneath, d'heonly exception to this is found 
*in clays derived from limesloma whe re the passage from clay to rock is 
also E Zalinski on the l^hni/ation of the granite of the tur.iuoise 
<leposits in New Mexico; Econ. Gooi, 11, p. 479, 1907; Stutze, Zeitschr. pruk. 


Geol XIIL, p. ddd, 190o. ^ t 

this connection, see G. F. Merrill, What Constitutes a Clay Amen Geol. 
"''Nyx. Nov. 1902, and H. Ries, Origin of Kaolin, Trans. Amer. Ceramic Soc., 

II, p. OixJOOO. 
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sudden. ''I'hc reason for tins is that the change from limestone into clay 
does not take ])laee in the same mamu'r as ‘;ra]iil('. Jamestone consists 
of carbonate of lime, or (‘arbonatc' of hme and magnesia, yith a varia])lc 
(jiiantity of clay imj)unties, so that when tlu* weathering agents attaeJ^ 
the lock, the caibonates are dissolved out by the surfacc'-watc'rs, and 
tlu' insoluble clay im])nrities are k'fl behind as a manlh' on tlu' undis- 
sol\'('d rock, the change from rock to clay bein^’, tluTefore, a suddi'ii one, 
and not diU' to a gradual breaking down of the miiu'rals in the rock, as 
in the casi* of graniti*. 

Kaolin. — A residual clay derived from a. rock conqiosi'd entin'ly of 
fc'ldsjiar, or one containing little or no iron oxide, is usually white and 
tla'rc'fori' ti'niuai a Jxdolin; <l(‘|)osits of this type may contain a high 
pi'i’ci'iitage of the mineral laolimtc} this being assuiiKMl Ixa-ause, after 
washing tlu^ sand out of such rnati'rials, the silica, alumina, and waiter 
in th(' nunaining ])oilion are in much tlu' saiiu' ratios as in kaohnite, 
although, as pre\iously mentioned, other aluminous silicati's may at 
tinu's b(' presi'iit. 

A clay made upcuitirely of kaolinit(‘ is sometimes termed a ‘^pure’^ 
(‘lay, but sin(*(' tlu' t('rm clay reh'rs to a ])h\sical condition and not a. 
detiniti; clu'inical composition, it would perhajis b(‘ moK' correct to 
t('rm kaolin the simplest form of cla\. 

Tlii're an* clays madi‘ up almost (aitirely of otlu'r hydrous aluminum 
T^ilicatc's than kaolinitia which are also tiuaned kaolins, as the indianaite 
of Indiana, or tlu' hallo\sit(‘ of Alabama. 

A (h'posit of })iire kaohnite has not thus far Ixvn found in nature 
though some very lu'arh tain' occurrence's an* known. While tli(' ti'rm 
kaolin is sometinu's a])prK'd to any n'sidiial clay, tlu' w'ritc'r b('h('\'('s that 
this designation should be restricted to whit('-burning ri'sidual cla\s, a 
Usag(' which is wid('-s])r('ad but. has not become uniNersal. 'I'lu' name 
Av/e////isa corruption of the (’hiiK'se AVo////?//, wdiich mc'ans hi(jh rufijv, and 
is the name of a hill ni'ar .Jauchau Fu, wdiere the mineral is obtaiiu'd.- 

In this connection it is interesting to note that, according to Kicht- 
hofen,^ the rock from which the King-t('-chin porcelain is made i\jjot 
true kaolin, luit a hard jade-liki; gn'C'uish rock w'hich occurs bc'lwc^ 
Ix'ds of slate. Ho states: '^This rock is ivdiiced, by stamping, to a wiiit^ 
powah'r, of which the fim'st portion is ingenuously and repe'ate'dly sep- 

' Yhe^ terms kaolinitc, referring to the minenil, and kaohn, referring to the roek 
mass, are often carelessly confused (;ven by scientific writers, although there seems 
to he little excuse for so doing. 

^ Dana, System of Min., 1.S92, p. 087. 

* Amer. Jour. Sei., 1871, p. 180. 
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Residual eiayat Ciiristiaiisburg, \'a.; shows the uneven eharaeter ol llie uuderiying parent liinestuiie. 

^ Photo by H. Hies.) 
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This is then molded into small bricks. The Chinese distinguish 
^ chien^two kinds of this material. Either of them is sold in King-te-chin 
of bricks, and as either is a white earth, they offer no visible 
djfferenc^. They are made at different places, in the manner described, 
fiy poundiiig hard rock, but the aspect of the rock is nearly alike in l)oth 
casas. For one of these two kinds of material the place Kaoliiig (‘liigh 
ridge’) was in ancient times in high repute, and, though it has lost its 
prestige since centuries, the Chinese still designate by tlie name ‘Kao- 
ling’ the kind of earth which was formerly derived from there, but is 
now prepared in other places. The application of the name by Rerzelius 
to porcelain ciirth was made on the erroneous supjx>sition that the white 
earth which he received from a member of one of the embassies (I think 
Lord Amherst) occurred naturally in this state. The second kind of 
material bears the name re-tun-tse (Svhite clay').” 

The following analyses ^ show the average composition o( (1) the 
natural material from King-te-chin, such as is used in the maniifrcture 
of the finest porcelain; (II) that from the sfime locality used in the so- 
called blue (Canton ware; (111) that of th(‘ English Cornwall stone; 
, (IV) washed kaolin from St. Yrieiix, France; and (V) washed kaolin 
from Hockessin, Del. 


Silica (SiOj) 

Alumina (AbO,) . . 
Ferric oxide (FejOg) 

Lime (CaO) 

Magnesia (MgO) . . - 

Potash (K,0) 

Soda (Na^O) 

Water (H^O) ...... 

Total 


I. 

II. 

III. 

IV. 

V. 

7:i .5.5 

70 .5.5 

70 .57 

48 08 

48 73 

21 09 

IS 98 

10 47 

30 92 

37 02 



27 


.79 

*> An 

: .58 

1 17 


.16 

.1.5 

1 08 

.21 

.52 

11 


401 

2 09 1 

.5 84 

.58 

/ .41 

1 04 

2 ()2 

1 90 

2 4.5 

13.13 

12 83 

99 02 

99 70 

99.98 

99 83 

100.00 


The above analyses show a most striking difference between the two 
washed kaolins and the Chinos(‘ clay and Corn wall stone. 

Form of residual deposits. -The form of a residual clay deposit, 
wh'Xjh is also variable, depends on the shape of the piirent rock. Where 
Tie i^sidual clay has been derived from a great mass of granite or other 
^clay-yielding rock, the depK)sit may form a mantle covering a ton^idcr- 
^ able area. On the other hand, some rocks, such as pegmatites (feldspiT 
and quartz), occur in veins, that is, in masses having but small width as 
compared with their length, and in this case the outcrop of residual clay 
along the surface will form a narrow belt. 


G. P. Merrill, Non-metallic Minerals, p. 221, 1901. 
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Clay derived from a rock containing much iron oxide will be yellow * 
red, or brown, depending on the iron compounds present. Be twee x the 
white clays and the brilliantly colored ones others arc found repiaser*' 
ing all intermediate sUigcs, so that residual clays vary widely m their 
color. ^ *•, 

The depth of a deposit of residual clay will depend on climatic con- 
ditions, character of the parent rock, topography, and location. Rock 
decay proceeds very slowly, and. in the case of most ro(!ks the rate of 
decay is not to l)e measured in months or years, l)ut rather in centuries. 
Only a few rocks, such as some shales or other soft rocks, change to clay 
in an easily mciisura])lc time. With other things ecpial, rock decay 
proceeds more rapidly in a moist climate, and consequently it is in such 
regions that the greatest thi(‘kness of residual materials is to be looked 
ior. The thickness miglit also b(i affected by the character of the parent 
rock, whether composed of ensily weathering minerals or not. Where 
the slope is gentle or the surface Hat, much of the residual clay will re- 
main after being formed, but on steep slopes it will soon wash away. 

In some cases the residual materials are washed but a short distance 
and accumulate on a flat or very g('ntlc slope at the foot of the steeptr 
one, forming a deposit not greatly different from the original ones, al- 
though they are not, strictly sp('aking, residual clays. ^ 

Distribution of residual clays.— Residual clays, usually of ferruginous 
character, are found in many portions of the United States, but reach 
their maximum development in that portion lying east of the Mississippi 
and south of the southern margin of the ice-sheet of the gkicial e]xu;h. 

North of the terminal moraine they are found only in protected situa- 
tions (Fig. 2) or non-glaciated areas. 'Phus, for example, an important 
area of residual clay, derived from limestone, is found in the driftle^s 
area of Wisconsin.^ 1'his is a silty (day in its upper part, and a tough 
jointed clay below, while scattered througli it are numerous cherty 
fragments, 

A second type of residual clay occurring in Wisconsin is that found 
underlying the Potsdam sandstone and has been derivcnl from tl 
Cambrian crystallines. It represents probably the geologically 
residual clay found in the United States. 

The general character of these residuals is much the same whatever V 
the parent rock. Nearly all are ferruginous, and contain angular mineral 
particles, as well as more or less decomposed ones, from which the more 
soluble constituents have been leached out. The colors range usually 
from brown or red to yellow. In the Piedmont and Appalachian areas 
• Colluvial (lej)o.sits of CJ. P. Meri'ill. 

’Chamberlin and Salisbury, Gth Ann. Rep. U. S. Geol. Surv., p. 240,^885. 
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Southern States they often attain great thickness and are widely 

\ used^r brickmakingd White clays may he formed from pegmatites, 
li mestones, shales, and feldspathic sandstoiuis.^ 





Fig. 2. — Gencralij!e<l sod ion showing throe possible occurrences of kaolin in a 
glaciated country. 1, limestone; 2, mica schist; 2, pegmatite; 4, feldspathic 
quartzite; 5, dark gneiss; t>, light granite; 7, (huk gninite; H, kiiolm, pro- 
tected from glacial erosion. Arjow indicates direction of ice-movement. 
(After Laughlin, {\>nn, Geol. and Nat Hist Surv,, Bull. 4, p. 70, 1905.) 

» The following analyses^ represent the comixtsition of several residual 
clays : 


Anm.ysks os Bksidu.vl Clays 


('onstituent> 

I 

11 

1 

111 

IV 


V. 


VI 

VI t 

vin 

IX 

X 

Sl()2 

71 


19 

90 

.O'l t»9 

19 

n 

.0.0 

12 

40 

127 

.39 

.0.0 

00 

27 

77 

24 

55 

.19 

AhOi . 

12 

.^)() 

18 

01 

21 4.1 

20 

08 

22 

17 

13 

7.0 

28 

70 

15 

2.0 

21) 

17 

20 

10 

rv.-Ot . 

FeO . 


r,2'^ 

4.') 

17 

19 

27 

s n.s 

. Si> 

11 

01 

93 

: ^ 

:io 

12 

31.0 

10 

80 

6 

07 

7 

70 

8 

79 

T 1 O 2 


4.'’) 


28 

It) 


1,1 






04 







IMF 


02 


0.1 

0.1 


01 




020 


10 


07 


14 


04 



01 


01 

03 


00 













Cat) 




9;i 

9.0 

1 



1.0 

.1 

.018 


37 


24 


18 


51 

MrO . 


;i8 


73 

1 1.1 

I 

92' 

1 

1.0 


179 


.09 


4.3 


.38: 

1 

27 

Na^O . 

2 

19 


80 

1 -1.0 

1 

;i,i| 


17 


OOt) 

ti 



40 


29 


79 

K.,0 . 

1 

01 


9.1 

83 

1 

oil 

2 

•12 


118 

ti 



8() 

4 

41 

1 

03 

H 'O . 

*1 

O,"! 

+ 10 

10 

*10 79 

*11 

72 

*9 

80 

It27 

411 

13 

20 

8 

2 



7 

38 

OO 2 . 


4;? 


30 

2 '.) 


39 




2.0 1 









C . 


19 


31 

22 

1 

05) 














100 

.“19 

100 

.00 

100 09 

100 

08 

99 

81 

jlOO 

t.31 

100 

07 

98 

09 

99 

27 

98 

30 


* CoiUaiiis hvHrogon ami oiR.-itiic nialtcr. l)rie<l at 100° C. 
tCoiilairis 11 21 per cent of otKatiir matter. 


Nos. T, II, IIT, and IV are limestone residuals from southern Wiscon- 
sin. Nos. I and II are from the same vtu’tical section, I being 4^ feet 
from the surface, and II S^, and in contatd, with the underlying lime- 


G. P. Merrill, Rocks, Rock-weathering, and !Soil.s, p. 301; I C. Ru.sscll, U. S. 
Geol. Siirv., Bull. 52. 1884-95; H. Rics, U. S. Geol. Surv., Prof. Pap. 11. 

2 Ries, Jour. Amcr. (Vrain. Soc., I, p. 416, 1918, 

* G. P. Merrill, Rocks, Pottk-weathcring, and Soils, p. 306. 



14 


CLAYS 


stone. Nos. Ill and IV are similarly related, III being ,3 feet tlae 
surface, and I\^ feet, the lower sample lying on the unchai/ged root 
“The l.'irgcr percentages of silica, in samples from nearest sTirface, are 
due to higher state of decomposition, the soluble portions having been 
more largely removed. The prcscmce of larger percentages of alkalies 
in these same sainj)les indicates that these salts existed in the form of 
silicates which liave resisted the decomposing intliicnces, and remain 
mechanically included in th(‘ residiU's.'^ No. V re{)resents a residual from 
the Knox dolomite at Morristown, Ala.; VI is a red earth formed by decay 
of Bermuda coralline limestone; VII is a diabase residual from Wades- 
boro, N. C.; VI 11 a gabbro su])soil from Maryland; IX a Trenton lime- 
stone residual from Hagerstown, Md.; and X a Triassic limestone residual. 

The texture of some of the above residual soils has been determined 
as follows^: 


Mkcmanmcal Analyses of Kesidual Clays 


Diameter of 
particles, 
mm. 

Name. 

I. 

11 . 

III. 

IV. 

V. 

2-1 

Fine gravel 

.54 

.17 

.00 

.00 

.19 

1-.5 

Coarse sand 

.32 

.00 

.23 

.20 

1.80 

.5 - 25 

Medium sand 

.72 

.15 

1.29 

.18 

3.12 

.25 -.1 

Fine sand 

.02 

.25 

4 03 

.00 

0 96 

.1 -.05 

Very fine sand . . . 

4 03 

2 31 

11.57 

0.73 

8.76 

.05 - 01 

Silt 

30 02 

19 04 

38 97 

47.32 

34 92 

.01 -.005 

Fine silt 

J4 99 

20 88 

8 84 

10 04 

12.11 

.005-. 0001 

Clay 

41.21 

51 77 

32 70 

31.90 

28 82 


Total miner.al matter 

88.48 

94.00 

97 03 

94 44 

90.71 


Org. matter, water, 







loss 

1 52 

5 40 

2 37 

5 50 

3.29 



100. 

100. 

100. 

100 

100. 


TRANSPORTED CLAYS 


Sedimentary clays 


^ Origin. — As mentioned above, residual clays rarely remain on steep 
slopes, but are washed away by rain-storms into streams and carried off 
by these to lower and sometimes distant areas. By this means residual 
clays possibly of different character may be washed down into the same 
stream and become mixed togc'ther. This process of wash and trans- 
portation can be seen in any abandoned clay bank, where the clay of the 
slopes is washed down and spread out over the bottom of the pit. 


’ M. Whitney. Maryland Agriciilt. Exper. Sta., Bull. 2f; 


^ 93 . 







ORIGIN OF CLAY 


17 


Ai long as the stream maintains its velocity it will carry the clay in 
“'^^iL^nVion, but if its velocity be checked, so that the water becomes 
quieTwi^Jfree from currents, the particles begin to settle on tlie bottom, 
forming a\ay layer of variable extent and thickness. This may be added 
to from time to time, and to such a deposit the name of sedimentary 
clay is applied. All sedimentary clays arc stratified or made up of h yers, 
this being due to the fact that one layer of sediment is laid down on top 
of another (Plate II, Fig. 1). If there were absolutely no difference in 
the character of the material deposited, it would form one thick homo- 
geneous bed, but there is usually more or less variation, a layer of very 
fine material being laid down at one lime and a layer of coarser material 
on top of it, or vice versa. I’hese layers may also vary in thickness, and 
since there is less cohesion between unlike particles, the two layers will 
tend to separate along their line of contact. 

As the finer material can only be deposited in quiet water, and coarse 
material in disturbed waters, so from the character of the deposit wc 
can read much regarding the conditions under which it was formed. 
If,, therefore, in the same bank alternating layers of sand, clay, and 
gravel are found, it indicates a change from disturbed to quiet water, 
and still later rapid currents over the spot in which these materials were 
deposited. The commonest evidence of current dci^osition is seen in the 

• cross-])eddcS structure of some sand b(‘ds where the layers dip in man} 
different directions, due to shifting currents which have deposited the 
sand in inclined layers. The beds of thinly stratified or laminated sands 

• and clays found in many of the Cretaceous and Tertiary de])osi(s of the 
coastal plain arc another cxam[)lc of rapid changes in the conditions of 
deposition. 

Sedimentary clays can be distinguished from residual clays chiefly 
by tlieir stratification, and also by the fact that they commonly bear 
no direct relation to the underlying rock on which they may rast. 

Structural irregularities in sedimentary clays.— All sedimentary clays 
resemble each other in being stratified, but, aside from this, they may 
show marked irregularities in structure. 

Thus, any one bed, if followed from point to ix)int, may show varia- 
tions in thickness, pinching or narrowing in one place and thickening or 
swelling in others, as shown in Fig. 3. 

In digging clay the miner often finds streaks of sand extending through 
the deposit and cutting through several different layers, these having 
been caused by the filling of channels cut in the clay deposits by streams 
after the elevation of the former to dry land. Occasionally a bed of clay 
may be extensively worn away or corraded by currents subsequent to 
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its deposition, leaving its upper surface very uneven, and on tl^ an 
entirely different kind of material may be deposited, covering tho^rj^er/' 



Fig. 3. — Generalized section showitifi; how beds may vary both horizontally 
and vertically. 


bed, and filling the depressions in its surface. If the erosion has been 
deep, adjoining pits dug at the same h'vel may find clay in one case and 
sand in tlic other (Fig. 4). Such irregularities are known to occur in 
both clays and shales. 



Fig. 4. — Section showing uneven boundaiy of two clay beds, due to erosion of 
one before deposition of the otlier. 


While in many instances the changes in the deposit are clearly visible 
to the naked eye, variations may also occur, due to the same cause, which 
would only show on buming. 'Phus, for example, the so-called retort - 
clay, found in the Woodbridge region of New Jersey, is similar in its plastic 
qualities wherever found, but the shrinkage of that found in t he different 
pits is not always the same, because it varies in fineness from place to 
place. It may also vary in color. 

CLASSIFICATION OF SEDIMENTARY CLAYS 

The general character of sedimentary clays is more or less influenced 
by the locality and conditions of deposition, which enables us, there- 
fore, to divide them into the following classes: 
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'Varine clays. — This class includes those sodimentary clays deposited 
on the 0 (!caii bottom, wIku'c tlu; water is (juiet. 'hhey have, therefore, 
Lcen la d down at some distance from the shore, since nearer the land, 
where the. water is shallower and disturbed, only coarser materials can 
l>e deposited. Bods of clay of this type may be of vast extent and ^!:rcat 
thickness, but will naturally show some variation, horizontally at least, 
because the dilTenait rivers tlowin^^ into the sea usually brin^^ down 
different classes of material. 

'Hius, one stream may carry the wash from an area of iron-st;an(‘d 
clay, and another the draina^>;c from an area of white or light-colored 
clay. As a sediment spn^ad out over the boltom, tlie areas of di'position 
might overlap, and there would thus lie formed an intermedia (e zone 
made up of a mixture of the two sialiuKaits, This would show itsc'lf later 
as horizontal transition from on(‘ kind of clay to anotla'r. 'I'lu'se changes 
may occur gradually, or at other times within the distance of a few feet 
(Jdate 11, Fig. 2). 

'rhe laminations produced by vertical changes are shown in IdatD II, 

Fig. 1. 

^ *Tlx) most persistent beds of this class are found in the rocks of the 
Silurian, Devonian, and CarbonifiTous systems, but beds of considerable 
horizontal extent arc at times found in the Mesozoic format ions.'^ 

Estuarine clays. — Thc'se form a second type of some importance in 
certain areas, d'hey repre,sent bodies of clay laid dow'n in shallow arms 
of the sea, and are conseijiuaitly found in areas that are comparatively 
» long and narrow, with the d('])osits showing a tendiaicy towards basin 
shapes. If strong currents ent(‘r tlu' estuary from its uppeu' end, the 
settling of the clay mud may b(‘ pnwented, except in areas of (juiet water 
in recesses of the bay shore. Or, if tlu' estuary is suppluxl by one stream 
at its head, and this of low \'elocity, the finer clays wall be found at a 
point most distant from the mouth of the river. In such cases we should 
anticipate an iiKTeasc in coarseness of the clay bed or series of beds as 
they arc followanl from what was foruK'rly the old shore line up to the 
mouth of the former river that brought down the sediment. 

Estuarine clays often show sandy laminations, and are not infre- 
quently associated with shore marshes, due to the gradual filling up of 
the estuary and the growth of plants on the mud flats thus formed. The 
clays of the Ha ckensack region ^)f N ew Jersey and those of the Hudson 

' A peculiar type of marine clcpo.sit, which covers many sipiare miles of the 
deeper lying portions of the ocean floor, is the .so-called lied Clay. It is of no 
economic value. 

The compo.site analysis of a luimhcr of sample.s, recalculated so as to omit 
adsorbed sea-salts, calcium carbonate, and a little gypsum, is given by Clarke 
(Jour. Geol., XV, p. 787) as follows: SiO,, 54 tS; TiO^, 0.98; AlA- 15.94; Cr^Oj, 
0.012; Fe,(b, 8 00 ; FeO, 08t; NiO,Co(), OO.'IO; MnO,, 1.21; MgO, .3.81; CaO, 
1.9G; SrO, 0.050; BaO, 0.20; KjO, 2.85; NaA 2 05; VjOj, 0.035; AsjO.,, 0 001; 
M 0 O 3 , tr., PA, 0.30; CuO, 0.024; PbO, 0.008; ZnO, 0.005; II 3 O, 7.04; 100.00. 
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Valley of New York arc good examples of estuarine deposits, fo^’med 
at the close of the glacial period, when the region around the Palisades 
stood somewliat lower in respect to sea-level than at present.^ 

Swamp and lake clays.— Swamp and lake clays constitute a third 
class of deposits, which have been formed in basin-shaped depressions 
occupied by lakes or swamps. They represent a common typo, of vari- 
able extent and thickness, bui all agree in being more or less basin- 
shaped. They not infrecjuently show alternating beds of clay and sand, 
the latter in such thin lamin® as to be readily overlooked, but causing the 
clay layem to split apart easily. Many of the lake clays are directly or 
indirectly of glacial origin, having been laid down in basins or hollows 
along the margin of the continental i(;e-shect, or else in valleys that have 
been dammed up by the accumulation of a mass of drift across them. 
This wall of drift serves to obstruct the drainage in t he valley, thus giving 
rise to a lake, in which the clay has been deposited. Clay beds of this 
type are extremely abundant in all glaciated regions. They arc usually 
surface deposits,^ of varial)le thickness, often highly plastic, and more 
or less impure. Tlieir chief use is for common brick and earthenware, 
and they are rarely of refractory character 

Flood-plain and terrace clays.— Many rivers, especially in broad val- 
leys, are bordered by a terrace or phiin, there being sometimes two or 
more, extending like a scries of shelves, or steps, up the valley side. The 
lowest of these is often covered by the river during periods of high water,*' 
and is consequently termed (he flood-plain. In such times much clayey 
sediment is raided to the surface of (his flood- (errace, and thus a flood- 
plain clay deposit may be built up. 

Owing to the fact that there is usually some current setting along 
over the plain when it is overflowed, the finest sediments cannot settle 
down, except in protected spots, and conseipiently most terrace (jlays 
arc rather sandy, with here and there pockets of fine, plastic clay, ddiey 
also frequently contain more or less organic matter. Along its inner 
edge the terrace may be covered by a mixture of clay, sand, and stones, 
washed down from neighboring slopes. 

Where several terraces arc found it indicates that the stream was 
formerly at the higher levels, and has cut down its bed, each terrace 
representing a former flood-plain. Even along the same stream, however, 
the clays of the several terraces may vary widely in their character, those 
of one termce being perhaps suitable for pottery, and those of the scc- 

‘ Report- on Glacial Geology, N. J. Gedl. Survey, Vol. V, p. 190; and N Y. State 
Museum, Bull. 35, p. 576. 

‘Those formed at earlier geologic period.s may have become subsequently . 
covered by other sediments, as may of the coal under clays of the Garboniferous. 
Tliese sometimes show the upright stumps of trees that grew in the swamp in which 
the clay was deposited. 




21 




ORIGIN OF CLAY 


23 


6nd Veing available only for common brick and tile. Examples of such 
clays are to be found in most regions. 

Drift or bowlder clays.-- -In tluit jy)rtion of the United States formerly 
covered by the cdntinenbil icc-shcct there are occasional deposits of clay 
fosfned directly by the glacner. These are usually tough, dense, gritty 
clays, often containing many atones (PI. Ill, Fig. 1). The material 
deposited by the ice (till) was usually too stony and sandy to serve as 
clay, although often known as bowlder clay. Locally, however, although 
the icC‘ trails ported material has been largely ground to a fine rock flour, 
the bowlder clay is plastic enough and not too full of stxnies for use. 
Such deposits arc mostly of limited extent, impure, and of little value. 

^J[jl,ad(ijtion to this typo of clay formed directly by the ice, there were 
clays deposited in lakes or along flood- plains by the streams issuing from 
the glacier. These were composed of material derived from the ice, but 
since they were (h'posited by water they were stratified, and nuiy properly 
be classed as lacustrine, estuarine, or flood-plain clays of glacial age. 
Bowlder clays, although abundantly distributed, are often too stony to 
be of much value for the manufacture of clay products. 

jEolian clays. — In many parts of the West there is found a silty, often 
cafcareous clay, termed the loess. .This, although commonly a water 
deposit, may at times have been formed by wind action. It could there- 
fore properly 4)6 classed as transported clay, and would also show a strati- 
fied structure. 

CLASSIFICATION OF CLAY DEPOSITS 


^ Clays may be classified according to their origin, chemical and physi- 
cal properties, or uses, d'o the geologist the first is, piu’haps, the most 
important, to the technologist the second and third are of more interest. 

Several such classifications have appi'aix'd in tin; United States in the 
last few years, most of them based primarily on genetic features, and 
sometimes secondarily on the pro[)erties of the clay. They include the 


following : 

Orton^s classification.^ 

• High-grade clays. 

(50 per cent or more kaolin) 
with silica. 


Low-grade clays. 

(10 to 70 per cent kaolin with no- 
table per cent fluxing elements. 


1. Kaolin. 

2. China-clay, 

3. Porcelain-clay. 

4. Firc-clAy (hard). 

5. Fire-clay (plastic). 

6. Potter’s clay. 

1. Argillaceous shale — Paving-block. 

2. Ferruginous shale — Pressed brick. 

3. Siliceous clays — Sewer-pipe and 

paving-block. 

4. Tile-clays. 

5. Brick-clays. 

6; Calcareous shales — Brick. 


‘ Ohio Gcol. Survey, VII, p. 52. 
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Quality is made the basis of division in the above. Nos. 1, 2, ^nd 4 
of the first group are practically the same, and the subdivisions of group 
2 are not always distinct. The term kaolin is used incorrectly, kaolinite 
being Intended instead. 

Wheeler’s classification.^ 

1. White ware clays. 

Kaolin. 

China-clay. 

Ball-clay. 

2. Refractory clays. 

Plastic fire-clay. 

Flint-clay. 

Refractory shale. 

3. Pottery-clays. 

4. Vitrifying clays. 

Paving-brick clay and shale. 

Sewor-pi{^e clay and shale. 

Roofing-tile clay and shale. 

5. Brick-clays. 

Common-brick clay and shale. 

Terra-cotta clay and shale. 

Drain-tile clay and shale. 

6. Gumbo clays — Burnt-ballast clay. 

7. Slip-clays. 

The qualities or uses of the materials are here again employed as 
bases for subdivision. 

Such a classification is somewhat unsatisfactory, for the reason that 
one kind of clay miglit be used for several pur|X)ses. 

Ladd’s classification.-^ 

Indigenous. 

A. Kaolins. 

{a) Superficial sheets. 

[h) Pockets. 

(c) Veins. 

Foreign or transported. 

A. Sedimentary. 


* Mo. CJeol. Surv., XI, p. 25, 1897. 

*Ga. Geol. Surv., Bull. 6 A. p. 12, 1808. 
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(a) Marine. 

1. Pelagic (deposited in deeper water). 

2. Littoral (deposited near .shore). 

(b) * Lacustrine (deposited in fresh- water lake.s). 

(c) Stream. 

1. Flood-plain. 

2. Del La. 

B. Meta-sedimentary. 

C. Residual. 

I). Unassorted. 

Under the Indigenous arc included those clays formed hy tlu' d(‘cay 
of and otiier aluminous silicates in place. I'he Foreign or (rnns- 

ported embrace all .sediuKaitary d('j)osits. 'I'he meta-sedimentary days 
arc chemical products resulting from the decomp)sitiun of otluT traiis- 
ported materials, such as volcanic tuffs, pumice, etc. The residual clays 
include the insoluble residue' Ic'ft by the dissoh ing of liiiK'stones, while 
under una.ssort(!d are included the glacial ones. 

The term kaolin, as here used, includes all residual clays, except those 
derived from limestones, and, since it. is not restricted to whit(*-burning 
ones, its use is unfortunate, h'urthermore, the placing of limestone re- 
siduals in a separate class seems a rather fine distinction. Di'lta clays 
hardly seem of sutficieiit importance to warrant being placed in a se])arato 
class, and are rare. 

Buckley’s classification.^ 

' I. Residual derived from 

A. Granitic or (Ineissoid Rocks. 

B. l^asic igneous rocks. 

C. Limestone or dolomite. 

D. Slate or shale. 

E. Sandstone. 

11. TransjDorted by 

A. Gravity assisted by water. 

Dej^osits near tlu^ hi'ads and along the slopes of ravines. 

B. Ice. 

Deposits resulting mainly from the melting of the ice of 
the glacial epoch. 

C. Water. 

Marine. 

Lacustrine. 

Stream. 


1 Wis Gcol Surv , Bull. Vll, Ft I, p. 14. 
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D. Wind. 

Loess. 

E. Orton Jr.’s classification.^ 

A. Primary or residual clays. 

I. Entirely decomjK)sed f(‘ldspatliic rock. 
Kaolin or china clay, 

II. Partially dec^oinposed feldspathic rock. 
English (’ornvvall stone. 

Porzellanerde of the Clermans. 

B. Se(;ondary or transfx)rted clays. 

1. Deposited in still water. 

(а) Eire- clays. 

Highly refractory. 

Flint fire-clay. 

Plastic fire-clay. 

Moderately refractory. 

No. 2 fire-clay. 

StoiH'wa re-clay. 

Sewer- i)ipe clav. 

(б) Shales. 

Slaty shales. 

Pituininoiis shales. 

("lay shales. 

II. Dep<^)sit(Hl from ninning water. 

Alluvium. 

Sandy clay. 

Loam. 

III. Deposited by glacial action. 

Leached — ^Whitish or red bowlder clay. 
Unleached— P>luc bowlder clay. 

IV. Deposited by winds. 

Ijoess. 

Grimsley and Grout’s classification.^ 

I. Residual clays. 

1. Kaolin. 

2. ("hina- or porcelain-clay. 


’ Quoted by Beyer and Williams, la. Geol. Surv., XIV, p. 40, 1904. 
* W. Va. Geol. Surv., Vol. Ill, p. 70. 1906. 
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II. Transporlod clays. 

A. Kd'ractorv (fluxing, iiiipiiritios low). 

d. l^'llnl fir(‘-clay. 

’ 4. Flaslic firc-cla; . 

B. 8cmi-rcfrac(orv clay (lliixiii^ ini])uritit's iiK'diiiin). 

f). Pax iii^-br.ck clay and slialca 
G. Sc\vcr-pi[)(' clay and shaNa 
7. J^)ofin.y-tilc clay and sliaha 
S. Stoncwarc-clay and shaha 

C. Non-r(‘fractory (fluxing inipunlic> high). 

1). Pot bay clay. 

(a) P>all-'clay. 

(b) I'lowcr pot clay. 

10. Jirick- and lih'-clay and shaha 

(a) Orna menial brick-clay an<l ^lialo. 

{()) 4'(a-ia-eot (a clax' and shaka 

(c) ( )inani('n(al (ile-clax' an<l shah' 

(d) Connnoii-l)nck and tile clay ;ind >halc. 

11. Cinmbo ballasl-elay. 

12. Sh]) clax , 

Ries’ classification.— 'I’hc following classification sugg(‘sl('d by the 
anlhor is an amplification of one [)iop<>s('d bx him some xi'ais ago p 


A. Pesidnal clax'S. (Py (h'composition of imcks in situ.) 

1. Kaolins or china-claxs. (W'hite-bnrning.) 

{(i) \’eins, derix ('d from pegmatilia 

(6) Blanket (h'posits, derix (sI from (axtensix e ari'as of igiK'OUs 
or nietamor)ihic rocks. 

(r) Pocki'ts in liiiK'stone, as indianaite. 

IT. Bcd-bnrning residuals, dcrixi'd from diffc'nMit kinds of io(*ks. 

B. ColluxMal clays, rcprcxsi'iding deposits fornasl by xxash from the fore- 

going and of either ndractory or non-refractory characti'ia 

C. Transported clavs. 

I. Depositc'd in xvater. 

(a) Marine clays or shales. Deposits often of great extent. 
White-burning clays. Ball-clays. 

Fire-ckiys or shales. Bnff burning. 

Impure clax's or sha/es. | ^ 

* * ( A on -calcareous. 


M(i (ieol Surv . IV 
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(h) Lacustrine clays. (Deposited in lakes or swamps.) 
Fire-clays or shales. 

Impure clays or shales, red-burn in^i;. 

Calcareous clays, usually of surface character. 

(c) Flood-plain clays. 

Fsually impure and sandy. 

{d) Flstuarine clays. (Deposited in estuaries.) 

Mostly impure and finely laminated. 

II. Glacial clays, found in the drift, and often stony. 

May 1)(‘ either nnl- or creaui-biiriiin^’. 

III. Wind-form(‘d d(‘posits (some lo(‘ss). 

IV. Chemical d(‘posits. (Some flint-clays.) 


8EC()N1)AHY CEANtlFS IN (’LAY DEPOSITS 

Chanjjcs often take place' in clays subseciuent to thr.ir dc])osition. 
These may be local or wide-spread, and in many cases either grc'atly im- 
prove tli(' deposit or n'lideu’ it worthless. 'I’he marlo'd ('fh'ct of some of 
tlu'se' chanji'es is often W(‘ll sen^n in some clay Ix'ds of which only a jau- 
tion has l)een alte'nsl. 'I'hese se'condary chan^^es are of two kinds, \'C,, 
mechanical and chemical. 

MKCII ( IIAXOKS 

Tilting, folding, faulting.- In tlu' uplifting of beds of clay or shale, 
subseeiuent to their deposition, the amount of ele\ation is rar('l\ the same 
at all points oyea* a larger are'a, .^o that tlu* heals freapieaitly show a yariablc 
d(.'gre'e e)f tilting. If the uplift is aea-ompanie'd by folding eif the' rocks, 
th(‘ dip e)f th<? heels may be epiite steep. Thus, for example, the? (’re- 
taceous anel Tertiary e*lay -bearing formations eif the' Atlaiitic anel Gulf 
e’oastal plain sheew a ge'iitle elip to the .southeast and .south (FI. Ill, 
Fig. 2), while the Deyonian shales eif southe'rn Ne'W York elip te) t he .semth. 
At Golde'U, Ce)lo. (FI. XXIV, Fig. 2), the (Yetae'eaius fire'-clavs often 
have a elip e)f as mue*h as 90°. Fx'els e»f clay anel sh.ale' .some'time's show 
feilels or unelulatioMs. In the case eef eainsolidateel, or hard heals tlu'se 
may ])e due to lateral prc.ssure, e-au.seal by me)ye‘nie'nl.s in the exirt IFs crust, 
while in .soft heals the cause is freapieaitly le)e'al. Many eTiy ele'peisits in 
the’ Xortheru State’s sheew a leical feileling caused by the sho\'ing actiein 
of the ice-she'et during the glaeaal pe'i’ieid.^ Such folds, heiweyer, arc of 
minor aceaeunt anel affect emly a tew beds. 

Where heels oi clay are gently fe)Ieled into arches (anticlinal folels) 

‘ Se.'c llollick, Trans. N. Y. Sci , XIV, j). S, LSUt; ('lapp, Pull. (Icol. 80 c.. 

Amer., XVllI, p. 50o, FJ08, .Meinegk slicct, Frussiau Geol. Surv., 1900. 
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and troughs (synclinal folds) cacli hod slojx's or dips away from the axis 
of an anticlinal fold and towards tlio axis t)f a synclinal fold, but if fol- 



Fig. 5.— Section of folded beds, with crest worn away, exposing; different layers. 
(After Ries, N J. (ieol. Surv,, Fin. Hepl., VI, p. 18, lt)()l.) 

lowed parallel to the axis it will remain at tlu' same levid, provided the 
axis itself is horizontal. 

.Where a bed is not sutlicienth ela.stic to bend undc'r pn'ssiire it 
breads, and if, at the same time, the Ix'dson opposite sides of tlie bn^ak 
slip past each other, faulting is said to occur. When the lireaking sur- 
face or fault-phine is at a low angle one portion of the Ixsi may be tliruht 



Fig. 0— Section showinji; .slr;il;i broki'ii by fault-plane.'^ of low inclination. (After 
Hie-s, N. J. (ieifl. Surv , Fin. Kept , VI, p. 1.'^ lUOl ) 

over the other for some distance. In other cases the di.^ placement may 
amount to but a f(W inches. I'iKs. 6 nml 7 rei)r('sont sections in faulted 
strata, and in these it will be noticed that every bed terminates abruptly 
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Jit (he fault-phinc, its cotitinuation on the other side bein^ at a hif^her 
or lower level. Displacements of this type are somewhat rare in surface 



l'*'> 7. — Strata broken hv [niallel fault, -plaiu's (After Rios, N J (i('ol S;irv , 

I'm Itei.t , V! , j) 1.5, 1901 ) 

clays, and if oecairrm.it:, the tlirow is not ap' to e\(‘(*ed r tew haR. In (he 
shales of pre- Pleistocene ;i^e the tunoiint of displacenu'iit, is M)nie(im('s 
mueli ^r('ater. 

Jbth tiltin^i; and foldin.^ evert tin important influence on the form t:nd 
extent of the outcropping beds. Wheu’e no tiltinji; lit's oiaairred, that is. 
where (he beds are flat, onlv oiu* IxmI, (Ik' iippiu’ oik' of tiu' section, wll 
be ev|X)sed at the surface, where tlie latter is le\el (Mg. S), and lower 



Fig <S, — Section of horizontal .strata, with ^nly the top one exposed at the surface. 

beds will be e.xposed only wliere st ream-vt Ileys have been car\’ed 
(Mg. 9). 

If the beds are tilted (Figs. 10 and 11) or fold(‘d, and the crests of the 
folds worn off (I'^ig. 5), then the different beds will outcrop on the surface 
as parallel bands, whose width of outcrop will decrease with an increase 
in the amount of dip (Figs. 10 and 11). 

Erosion. — All h'nd areas are being constantly attacked by the weather, 
ing agents (frost, rain, etc.). The effect of this is to disintegrate the sur- 
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face rocks and wash away the loose fraf^ments and pjrains. 31iis brings 
about a general sculpturing of tlic surface, forming hills and valleys, 



Fia. 9. — Horizontul hods, with sovond layers exposed hy weariof; down of tho 
land surface. (After Ries, N. .1. (l(ol. Surv., Km. Kept., VI, |). IS, 1901.) 

the former rcprcst'iiting iho.se parts of th(‘ rock formations which ha\'e 
not yet been worn away. 'I'ht* elTe(*t of I his is lo cause pluatomena or 



conditions which may at first sight appear puzzling, but are neverthe- 
less quite simple when the cause of tluan is undt'mtood. 



Fia. 11. — Section of vertical hed.s. The width of outcrop is the same as tho 
actual width of the hod. (See also PI XXIV, Fig. 2.) 

Let US take, for example, a section of horizontal clay hods which 
originally covered an extensive area and were interstratified with sand 
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beds. In Figs. 8 and 12, beds 1 and 3 may be taken to represent the 
clays. In Fig. 8 we have indicuted the surface as it originally was, and in 
I ig. 12 tlie outline as it appeal's after tlie land has been e\p;)sed to weather- 



Iio. 12. — Horizontal bods with several layers (‘xpostal by wearing down of the 
land snttaee. 


ing and erosion for an extended ptaiod. Iha'e W(‘ s('(‘ that the upper bed 
is lett only on the highest hills and has be(*n removi'd over a large atea, 
while No. 2 caps the smaller knolls, and No. 3 ('uterops in the rides of 



Fig. 13.— Inclined strata, showing rise of the bed above sea-level, when followed up 
the slope or dip. (After Hies, N. J. Heol Suiv., Fin. Kept., VI, p. 19, I9t)4.) 


the deefXM’ valleys. Many small areas of clay thus represent all that is 
left of a formerly extensive bed. • 

If the beds had a uniform dip, the conditions may lie as indicated in 



I IQ. 14. Outcrop.s of a clay be<l on two sides of a hill and its probable extension 
into the .same. (After Hies, N. ,I (leol. Surv. Fin. Hept., VI.) 

Fig. 13. Here bed 1 appears at the summit of two hills, a and h, but its 
rise carries it, if extended, above the summit of bill c, which is clipped by 
bed 2. If one did not know that the beds rose in that direction, it might 
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be assumed that bed 1 passed into bed 2, because they are at the same 
level, d’his dippai^^ of (lir layers, or beds, sometimes aeeoimls for the 
great dissimilarity ol Ix'ds at tiu' same levc'l m adjommg pits. 

Where a bi'd of clay is found outcropping at the same' levi'l on two 
sides of a hill it is reasonable to assume that it probably ('xlcaids Iroiii one 
side to tli('oth(‘r, but it is not saf(“ to jii’i'dict it with c('rtainl\'. iot,as has 
been nuaitioiK'd abovi', clay bisl.^ may Ihm out within a short dislanci'. 
InirtheriiKmi, th(‘ overlying material, or o\ (‘rburdi'ii, will Ihs-ouk' thicker 
towards the center or summit of the lull, so that even if pK'si'ut the clay 
may be economically unworkable (Idg. 11). 

(’IlKMlCMi eilANOKS 

Nearly all clay deposits are freipK'iitly changed supi'idicially, at l(\'ist. 
by th(‘ weather or by pen-olatmg surface-wateis, 'The changes aie chie/ly 
chemical and (am bi' groupi'd urid(‘r the following luaids: 

Change of color. 

L('a(dung. 

Softening. 

(bnsolidation. 

Change of color.- Most ciay outcrops which lan e been ('vposi^d to 
tjie weatlukr for some tinu' show^ various tints of yellow or linnvn 'I’liis 
coloration, or rather discoloration, is due to the oxidation, or rusting 
of the iron oxide which the clay contains d'his iron conpiound is usually 
found in the clay as an original constitiunt of sonu' nuiH'ial, and rusts 
‘out a.s the result of weath(‘ring, so th'vt the (h'pth to wduch Ihi' wivithering 
ha.s penetrated the material cam oftc'U Ix' told by tlx* color. Tlx' lowi'r 
limit of this is commonly not onl\ irrc'gular, but tlx' distamcc' to w'hich it 
oxt(Muls from the surface dc'pendson the character of tlu' di'posits, sandy 
op(m clays being a.ffecl('(l to a greater depth than d(‘ns(' oiU'S The dis- 
coloration of a clay due to w'('a,th(‘ring do(‘s not always origmati' within 
the material itself, for in many instaiucs, ('specially whi'n* tlu' clay is 
open and porous, the w'aler seejiing into the clay may bring in tlx' iron 
oxid^ from another lay('r, and distribute it irn'gularly through tlx' lower 
clay. 

Idle change's of color not u'ed in clay ane not in ('^-ery cas(' to be taken 
as evidence of W(?ath('ring, for in many instance's the difh'ri'iici' in color 
is due to difference's in clu'mical composition. Main clays are colored 
bla^k at one point by carbonace'ous matti'r, wdiereas a short distance off 
the same Ix'd may be Avhite' or light gray, due to a smaller (|uajitity of 
carbonaceous material. In many of the Lower ('re'tace'ous cla\ s of Ne'w 
Jersey, for example, there is ofte'ii a change from blue to reel and white 
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nK)ttlo(], iiiid from this into rod clay. This is not the ivsult of wcathcrin^r^ 
but is due to locnl variations in the iron-oxide contents of the different 
layers. 

Discoloration caused liy weathering can usually be distin^uishcij 
from ditb'rences in color of a. primary character in that tlu' former beipris’ 
at the surface and works its way into the clay, penetrating to a greater 



distance along planes of stratification or fissures, and even following 
plant-roots as shown in Idg. 15 . 

Where the clay deposit outcrops on the top and side of a hill it does 
not follow that, because the whole cliff face is discolored, the weather will 
have penetrated to this level from the surface, but indicates simply that 
the weathering is working inward from all (‘xposed surfac('s. d’he over- 



fiG If). Section .showing weathered (yellow) day where the overburden i.s least. 


burden often plays an important role in the weat liering of clay, for the 
greater its thickness the less will the clay under it be afh eted. This fact 
is one which the clay-worker proliably often overlooks, and therefore 
docs not appreciate the important bearing which it may have on the 
behavior of his material. Some unweathered clays crack badly in dry- 
ing or burning, but weathering seems to mellow and loosen them, as well 
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as to increase their plasticity, so lliat th(‘ tendency to crack is sometimes 
cither diminished or destroyed. If a clay which is beiiifj; worked shows 
this tendency, jt will he advisable to search for some part of the deposit 
which is weathered, and if the clay is covered by a variable thickness of 
overburden, the most weathered part will be found usually uiidc'r the 
thinnest stripping, as shown in Fig. lb. 

’ Leaching.- -More or less surfaci‘- water seeps into all clays, and in some 
cases draiu^off at lower levels. Such waters contain small (luantities of 
• carbonic acid wliich readily dissolves some minerals, most prominent 
among them carbonate of lime. In some areas, therefore, where cal- 
careous clays occur, it is not uncommon to find that the n[)p('r hiyers of 
*the 'de{K>sit. contain less lime carbonate tlian the lower ones, due to this 
solvent action of the t)ercolaling waters, and residual clays from lime- 
stone contain little or no lime carbonate. 

Softening.— Most weathering processes break up the clay deposits, 
cither by disintc'gration or by leaching out some soluble constituents 
that served as a bonding or cementing material, thus mellowing the out- 
crop, and many manufacturers recognize the beneficial eflect which 
weathering has on their cl;iy. 'hhey conse(iuently sometimes Sjuxaid it 
on^thc ground after it is mined and allow it to slake for several months 
or, in some cases, several years. The effect of this is to disintegrate 
^oroughly* the clay, render it more plastic, and bn^ak up nainy in jm ions 
minerals, such as [write. Although mentioned under ( luanical ( ha.nges, 
it will be seen tliat the process of softening is partly a phy.^ical one. 

^ Consolidation. — I’his change is found to have taken place in a h'W 

J eposits, and is due to the formation of limonite crusts in the clay. At 
imes these may form at a few points in the (h'posit or only along 
certain layers, ])ut in other instance's they have originated in all parts 
of the mass, both along the' stratification-planes, as well as in ever>' joint 
or crack. They thus permeate the clay deposit witli such a nel^\olK of 
rusty, sandstone-like chunks, nodules, and stri[)s as to seriously interfere 
with the digging of the clay, and reepiiring powerful machinery to break 
up tlje hard parts. 

Concretions.— In some d(‘])osits the limonite or siderite (carl.onate 
of iron) collects around nuclei,^ such as pebbles or grains of sand, and 
grows into more or less symmetrical ball-like concretions, winch, if large^ 
can be avoided or thrown out in mining, d'hese are most abundant in 
**TONweathere(l [Xirtions of the clay (Fig. 17). d'hey are not to be con- 

''"T^hT^’ay in foreos .-ict to bring about this soprrgution 

of chemical compounds of the same kind is not yet satisfactorily explained, although 
it 13 a common phenomenon. 
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fused, however, with the nodules and lumps of pyrite that are found 
throughout some clay beds, and arc of yellow color and glistening metal- 
lic lustre. These latter, although of secondary origin, lire .not necessarily 
due to wea tilering. ^ 

In many calcareous clays concretions (PI. IV, Fig. 2) arc specially’ 
abundant, iieing found not uncommonly along lines of stratification. 
Many of the drift-idays, though free from lime, show concretionary Imlips, 
and in some d('{)osits they have been formed Iiy the de|X)sif.wai of lime 



Fig. 17. —Section showing occurrence of concretions in certain layers, 

carbonate around tree-roots. In this case they would be closely asso- 
ciated with w(‘;ithering. 

Formation of shale. Many sedimentary clays, specially those of ma- 
rine origin, after (heir formal ion are covered up by many hundred foot'' 
of other sediments, diu* to continued deposition on a sinking ocean bot- 
tom. Tt will be (‘asily understood that the weight of this great thickness 
of overlying sediment will tend to consolidate the clay by preissure, con- 
verting it into a firm ro(*k-lik(‘ mass, termed shale. ^Fhat the cohesion 
of the particles is due mostly to pressure alone is twidenced by the fact 
that grinding the shale and mixing it with water will develop as much 
plasticity as is found in many surface clays. An additional hardening 
has, h()W(‘ver, taken place in many shales, due to the deposition of . min- 
eral mattiw around the grains, as a result of which they become more 
firmly bound together. 

In regions where mountain-making processes have been active and 
folding of the rocks has taken place, heat and pressure have been de- 
velofxxl, and the effect of this has sometimes been to transform or 
metamorphose the shale into slate or even mica-schist (when the meta- 
morphism is intense), both of which are devoid of any plasticity when 
ground. The shales utilized for clay products in different parts of the 
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country show a wide variation in their plasticity. Those of the Carbon- 
iferous, much used in the Central States, are often higlily plastic, while 
the red shales of the Triassic formation of New Jersey are in most cases 
consolidated sandy clay, but, with one exce[)tion, all tliose examined 
are of poor plasticity and very low fusibility. The Hudson River slates, 
■found over a large area of New Jersey, New York, and Pennsylvania, 
0 ^f^^hcir low plasticity partly to a slight mctamorpliism, and partly to 
the dqJ^niJjon of cement around the graiiis. 

. Geologic age cannot be used as a guide towards determining whether 
the beds a formation arc hard or soft. The Cretaceous of t he Atlantic 
coastal plain contains soft plastic clays, while that of the Rocky Moiin- 
•tain district carries shales which arc hard and sometimes llinty in their 
character. 

Dehydration. — The dehydration of a clay is produced in several 
ways, of which the following may be noted: 

1. Clay or shale when changed to slate or schist, lose the chemically 
combined water, in which event most of the hydrous aluminum silicates 
should break down into A\ > SiOs and SiOo. The former represents the 
three minerals and andalusite, kyanite and sillimanite.^ The formation 
of'Hkese anhydrous silicates is further referred to under changes in 
Burnmli, Chap. III. 

Deliydration of a clay or shale is often caused by the burning 
^ut of adjacent coal seams, the argillaceous beds being either baked to 
the condition of bricks, or sometimes still moi’c to a viscous or slag-like 


^lass. Such occurrences iire not uncommon in the Western States, 
^ving been described by Rastin- and Allen ^ from Riistern Wyoming, 
Jld by Leonard from North Dakota.^ 

At the Wyoming locality there have been developed in the more 
slag-like p )rtions, minerals recognizable as cordicritc, oligoclase, pyrox- 
ene, magnetite and hematite. 

These baked clays have been described by a number of German 
geologists under the names of PorzeUanit and PorziilanjafipisA 

3. Igneous intrusions, such as dikes, may also bake and fuse clay. 


* F. W. Chrke, U. S. Geol. Surv., Bull. 330, p. .'>27, 1908. 

* E. S. Bastin, Notes on Baked Clays and Natural Slags in Eastern Wyoming, 
Jour. Geol., XIIT, p. 408, 1905. 

* J. A. Allen, Proc. Bos. .‘oc. Nat. Hist., XVI, p. 246, 1874. 

' G. Leonard, N. Dak. Geol. Surv., 4tli Bien. Rep., p. 79, 1906. 

* Zirkel. Lehrbuch der Petrognaphic, III, p. 775, 1894. 



CIIAFIER II 

CHEMICAL PJIOPEUTIES OF CLAY 
MINEKALS IN f'LAY 

The complex minenilo^ical charactor of ('lay has Lc^ai rof(>rrccl to 
on an (xxrlic'r pa^(', and a ini('ro,s('()])i(; ('xamination or chemical analysis 
of a few impure clays will convince one of (his fact. 

Nov(‘rthel(‘ss the statenuait is oft('n made in print that clay is a 
hydrated silicate of alumina of the formula Al2()3,2Si{)2 + 2ir2(), con- 
sequently of definite chemical (*omposition and with a formula corre- 
sponding to that of the mineral kaolinitc'. 

That this explanation is clearly iinprohahh' can be seen bv ( "unin- 
ing any series of clay analyses, few of which will reduce to such a formin. 

Equally sw('eping and incorrect is the statement (hat kaolimte is 
the basis of all clays, and that they are then'fore to be r('gard(‘d as a 
mixture of kaolinite with oth(T minerals ^ 

Many clays no doubt contain a variable amount of kaolinite,’ Ivd 
there arc others, consisting almost (mtirely of silica, alumina, and wat(\' 
which clearly do not corn^spond to the formula of the mineral above 
mentioned (secllalloysite and Phoh'rite), and in impure clays it beconuAs 
a matter of some difficulty to prove lawond a doubt whether th(' hydrous 
aluminum silicate? present is kaolinite or some oth(?r mineral.^ 
We may even express reasona])le doubt n'garding the necessary presence 
of kaolinite for the development of plastic (jualiti(‘s in the mass. 

The flint-clays of Missouri (many of which correspond closely to 
pholerite in composition) when finely ground possess some plasticity, 
d’he Edwards County, d’exas, kaolin has even more plasticity, a tensile 
strength of L 59 lbs. per sq. in., and an air shrinkage of 6 . 2 , and yet it 

‘ Kaolins of commerce and ball clays. 

* This fact has also been emphasized by G. P. Merrill, Non-metallic Minerals 
p. 217, 1904. 
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does not correspond exiicily to the fonmihi of kaoliiiilc, but stands 
intermediate between halloysite and kaoliiiite. 

Wheeler has describ(‘d an halloysite from Missouri ^ which is slightly 
plastic even when ground to pass 20 mesh, and has an average tensile 
sfrength of 38 lbs. ])er s(}. in. 

The nurnlxT of different minerals present in a clay is often no doubt 

S nds partly on the mineralogical com|X)sition of the rock 
which the (“lay luis been derived, and partly on the extent 
^ lineral grains in the clay have been destroyt'd by weather- 

ing; but in any case the ideiitihcatio;: of mineral species is rendered 
rather difhcult, chiefly because of the extreme fineness of the grains, and 
partly because these are often surroiimh'd by decomposition products. 

More attention has been given to the mineralogy of soils than of clays, 
but since the former ar(‘ in many cases nothing more than surface clays, 
what is true of t he one is mor(‘ or less so of the other. 

Chamberlin and Salisl)ury,- in studying the residuals of the Wis- 
consin driftless area, were able to identify such minerals as plngio- 
clase, orthoclase, biotite, muscovite, hornblende, augite, magnetite, 
and (juartz, while Latld, in stud\'ing the (leorgia Cretaceous clays, ^ 
has^)t('(l kaolinite, feldspar, (piartz, nniscovite, biotite, magnetite, 
titain^^limonite, calcit(‘, and proclilorite. In the Wisconsin materials 
^TTtords finding {[Uartz, fel(ls|)ar, mica, calcite, dolomite, and iron 
^ide. Th(' l.eda clays of ('anada show quartz, orthoclase, plagioclase, 
mica, tourmaline, pyroxene, chlorite, and hornbhaidc. 

In the study of soils perhaps the !arg('st number of species have been 
determined by IkTage and Eagatu,*^ vho include in their list calcite, 
ciJartz, biotite, musco\ite, sericite, orthoclase, oligocla.se, zircon, tour- 
Imiline, ainphibole, apatite, andalu.site, titanite, microcline, limonite, 
hematite, chlorite, augite, etc. 

'Idle more imjxirtant of these may be referred to in more than a 
passing manner. 


‘ Mo. Ceol. Burv., XI, j). 18t), ISUO. 

^ U. S. Cleol. Surv,, Olh Ann. Rcpl., 2t5. 
s Amer. Ceol., XXIII, p. 210, JSOO. 

* Wi.s, Cool, and Nat. Ili.st. 8urv., Hull. VII, Pt. I. 

J Morrill, Rocks, Rock- weathering, and Soils, p. :i35. 

® Ann. do IVX’ole nationalo (ragricnltnre do Montpellier, VI, pp. 200-220, 190,5; 
also Compto-s rend., CXXXTX. p 1041, 1904. See also F. Stcinriede, Anleitnng zur 
^ iTTWoKilogi.schon Rodcnanalyse, Halle, 1889; Dumont, Cornp. rend., CXL, p. till, 
190.5; Tcbier, ibid., OVIII, p. 1071, 1.S89; and Cameron and Bell, Bur. of Soils, 
Bull. 30, p. n, 190.5, and Bull. 22, p. 12, 1903. 
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Hydrous Aluminum Silicates 

Kaolinite.— This mineral is a hydrated silicate of .alumina, repre- 
sented by the formula Al 203 , 2 Si 02 , 2 H 20 , which corresponds to ,a 
comi^osition of Silica (Si 02 ), 40.3 per cent; Alumina (AI 2 O 3 ), 39,8 per 
cent; Water (H 2 ()), 13.9 per c(‘nt. It is sornetime\s referred to as clay 
substance, and is that i^rtion of the clay which is soluble in hyt^ sm, 
phuric acid and sodium carbonate. It is a white, pearly crystal-\ 

lizing in the nionoclinic system, the crystals presenting the form of smair' 
hexagonal plates (Tl. V, Fig. 1 ) with a hardness of 2-2.5 and a specific 
gravity of 2. 2-2.0. It is naturally white in color, and a mass of it is 
plastic \\ hen wet, but xviy slightly so. 

According to Uosenbusch ^ its index of refraction is the same as 
that of C'anada balsam; the double refraction is strong. A negative 
bisectrix emerges from the face of the plate, and the axial plane bisects 
the acute prism angle. I'he optical behavior is therefore very similar 
to that of muscovitv, and it can only be distinguished with certainty 
from colorless mica by chemical reaction to pro\'e the absence of all^ali; 
its specific gravity cannot be used to advantage because of the mica- 
ceous form of both minerals. ^ 

It has naturally Ix'cn assumed by most writers that ka^hr.tt, =^^as a 
widely distributed mineral in clays, but when we come to sift the e%’- 
dence of its presence comparatively little is to ])e found. 

A microscopic examination even of the white clays free from im- 
purities rarely reveals the presence of the hexagonal kaolinite scale^ 
although the little vermiculite-like bunches of plates of this mine^l 
may ])e present (Fig. 20); but still even these are rarely seen in tW^ 
more impure clays, jind the theory of the universal prc'sence of kaolinite 
in clay is probably traceable to the' fact that matiy white clays, after 
having the sand washed out, often approach kaolinite in composition.^ 

The occurrence of kiU)linitc in (crystals has been noted from the 
National Belle mine, lied Mountain, Colo.,*^ by Dick from Anglesey,^ 
as well as })y .several other writers.'^ 

Many kaolins show the bunches of kaolinite plates referred to above, 

* Physiography of Rock-making Minerals, Iddings’ translation, 1889, p. 320. 

^ II. llics, Ala. (icol. Survey, Hull. 0, p. 41, IIJCX). 

® II. Heusch, Jahrl). f. Min., 1887, II, p. 70; L. Milch, Centralb. Min. QeoL 

* A. Dick, Min. Mag., 1870, VIII, p. 15. [190^ 1-3. 

® Safarik, Bohiri, Ges. Wis.s., IGth Feb., 1870; Knop, Neues Jahr. Min., etc., 

1859, p. 595; John.son and Hlake, Amer. Jour. Sci., ii, XLII, pp. 361 and 8C7; 
Ehrenbcrg, Pogg. Annul, XXXIX, p. 104; v. Fritsch, Tonindus.-Zeit., 1881, p. 371. 








PLM'K VI 



Fig. 1.— Phot()-inicr(»^rr:uph of i»nlian:utc, showinir coiirscnoss ,,f ^rrairi. 



Fia. 2.— Plioto-rnicro^r;i|)]i of |)articlcs of vvaslie.l kaolin. (After Hicko, Sprechsaal 

XL, p. :i:L 11)07 ; 
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and the separation of tlicse by grinding was said by Cooki increase 
the plasticity. 

Staining api)(*ars in some cases to have more clearly shown the 
structure of the kaoliriite plates, for Kieke,- in d(‘scribing some crystal- 
li»^ kaoliiiite from Hirschaii, Jbivaria, showed that the crystals 
stained with methylene blue, are lamellar and exhibit a zojial sti’ucturc 
par' ’V'l tlie edges. Very thin flakes were also found as well as frag- 
yieiits oT- spherical particles. The former showed distinctly a porous 
^structure, ana “analysis proved them to be practically identical with 
kaoliriite. 

Kaolinite is always of secondary origin, and although in most cases 
it^has probably been derived from feldspar, its derivation from numerous 
other minerals has been recorded, although unaccompanied by [iroof. 

Thus Rosier^ states that the formation of kaolinite from scapolite, 
leucite, nepheline, sodalite, hauyne, anahate, topaz, etc., is chemically 
possible, but not proven. 

The same may be said in part regarding the statements of \’an ]list\' 
who lists andalusite, anorthoclas(‘, biotite, c}'anite, epidote, leucite, 
micr(^cline, nephelite, orthoclase, plagiocl.ase, scapolite, sillimanite, soda- 
lite, topaz, zoisite, and garnet as the primary mineral. He gi\ es the 
formula ’ )r the kaoliiiization of feldspar as follows: 

2KAlSi3()g d ^H^t) + (X)2 '■ H4Al2Si2 ( )q j-4Si()2 -f K2(^t )3. 

Van Hisc calculaU's that the decn'aso in volume, siitiposing the freed 
silica as quartz, and the potassium carbonate dissolved, is 12.57%. 
If all the silica were dissoKed (which is unlikely), then the volume de- 
crease would be 51. 14(’7. 

Pure kaolin is highly refractory, l)ut a .slight addition of fusible im- 
purities lowers its refract oriiu'ss. 

Many kaolins contain very minute scales of white mica which it 
would be difficult to distinguish under the microscope from kaolinite; and 
since white mica in a very finely divided eondition is not unlike kaolinite 
in its plasticity, as shown by the expf'rimimts of \’ogt, its presence may 
be thought l^y some to exert no influence, unless there is an appreci- 
able amount of it. The following (juotatioii''’ exhibits those experi- 
ments: 


* Clays of New Jr'r.s(‘y, N, J. (Icol. Surv., 1878. 

*Sprechsaal, XL, p. :i:3. 

®I.c. See also J'icbclkorn, Bauin.ateriallenkunde, IV, p. 280. 

* Treatise on Mctamorpliisni, j). 

* Quotation from P S. C.rol. Surv., 10th Ann, Rept., Ft. VI, p. 20, 1808. Orig- 
inal ref. Tonindu.strie-Zoifnng, 180.1. p. 140; also Conipt. rend., Arad. 8ci., 
Paris, UX, p. 1199, 1890. 
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''Mr. Vogt considers that the plasticity which clays have is chiehy 
due to the h}'drat('d silicate of alumina or kaolinite. Experiments which 
lie made sliow' that the kaolinite is not the only suhstance which remains 
in suspension for a long pi'riod. For his trials he took quartz from 
Limousin, orthoclase from Norway, and a potash mica. All three were 
ground very fine, and then washed in a current of slightly ammoniaial 
water, 'the washed materials were then allowed to stand. Afjcr.24 
hours each of tlu' li(|uids was as opalescent as if it had washed clay in 
suspension. After nine days the turhidity still remainrd, but was less 
marked. At the end of this time the supernatant liciuid was ladled off 
of each, and a few drops of hydrochloric acid added to it. The suspended 
materials coagulated and settled, and the precipitate was collected, 
dried, and weighed. The mica which had remained in suspension during 
the nine days was very fine; still the particles glittered in the light. 
The addition of hydrochloiE^ acid caused the instant settling of the par- 
ticles, which was also not(‘d hy the cessation of the glittering. Tha 
settlings of mica from 1 liter of water amounted to 0.15 gram, 'khis 
fine-grained mica |)ossessed a plasticity almost equal to that of the 
kaolin. 

“From the decanted licpiid of the feldspar the hydrochloric acid 
brought down about 0.4 gram of this mineral per liter, wh’le of the 
quartz only 0.1 gram of sediment was obtained. 

“A very plastic clay from Dreux was trc'atvd in the same manner, 
and after nine days a precipitate of 0.50 gram was brought down. 

“From these experiments we see that in washing kaolin it is impos- 
sible to free it entirely from (juartz, fi'ldspar, and mica, if they are present 
in a finely divided condition.” 

Minerals related to Kaolinite 

These include several species, all hydrated silicates of alumina. 
Some of these have been found in crystals and are very pro])ably good 
species, but others arc known only in an amorphous condition, which 
may tend to suggest some doubt as to their validity; in fact Johnson 
and Llake ^ suggested that the name kaolinite should include all the 
associated species mentioned below, and that the term kaolin be retained 
for the “more or less impure commercial article,” but this usage seems 
too comprehensive, especially since some of those hydrous aluminum 
silicates mentioned below seem to have a definite formula distinctly 


‘ Amor. Jour. Sci., ii, XLII, p. 351. 
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different from that of kaolinite proper. 'IheM' associati'd .sjx'cies to- 
‘^cther witli their eharaetcrs an' jdx en by Dana as follo\\s: 

Halloysite. — A nuu^sive, {‘la\'-likc or earthy mineral with a con- 
choidal fracture and sliowiii^ little or no plasticity; hardness 1-2; 
splbcific gravity 2.0 2.2t); histc'r somew’hat pearly to waxy or dull; 
color white, grayish, greenish, yellowish, and reddish; translucent to 
OfT I'lV. sometimes ])ecoming translucent or ('V('n transj)an'nt in water, 
with an n:;.^ase of one fifth in weight . It is a hydrous silicate (»f alumina 
I'iko kaolinite, Init amorphous and containing more water; the amount 
is somewdiat uncertain, l)ut according to I;e Chatelier the com|X)sition 
is probably . 2 ll 20 ,Al 203 , 2 Si 02 4- aq, or silica 43.5%, alumina 36.9%, 
water 19.6% = 100. it is not uncommon in the kaolin (h'posits around 
Valleyhead, Dekalb County, Ala.,* where it occum as veins in the kaolin, 
but no anal}’sis of the material is available. 

A deposit has been described by Wheeler “ from five miles southwest 
of Aurora, Mo. The material is a white jiorcelain-like clay, which is more 
or less stained or intermixed with yi'llow clay. It is massive, com])aet, 
hard, and of low plasti(*ily. It fuses completely at 2600° k. and has the 
follovving composition: 

Axoasis OF Missouiji IIvlloymiu 


rfilic;i vAO,) '11,12 

Aluuiinii (.\L()5 27 02 

Ferric oxide (K< Id 

Lime (CaO) L.J 

Alkalies (N.‘o(>,K4)) 21 

Water (11,0).. 

Total 100.3S 


This analysis it will be seen agrees closely with the theoretic com- 
position of this mineral given above. 

G. P. Merrill ^ has also noted its occurrence in small quantities asso- 
ciated with kaolin, in narrow xeins in the decomposing gneissic rock 
near Stone Mountain, Ga. 

ddic ’following four analyses ■* ivpix'sent the composition of halloysite 
from different localities: 


1 (libson, (ieol. Surv. of Ala, lt('|>ort oo Murphrec.. Valley 1893, p 121. 
^ Mo. Geol. Hiirv , XT, p 18(), 189b 
® Non-mctallic Minerals, |). 22.') 

ibid.; IV, Zelliier, Neucs Jahrb. Min., 18.35, p. -107 
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Analyses of TIalloysite 



I. 

II. 

III. 

IV 

Silica (SiO^) 

30.;to 

40 70 

h 01 

42.00 

Alumina lAhO,) 

38.52 

:ts 10 

38 10 1 

20.1^ 

Lime ((’aO) 

0.7.5 

0 (iO 

O.GO 

2.81 

Magnesia (MgO) 

0 83 

1 50 

1.5 

2 01 

Ft'i'tic oxid(! (Fe/)^) 

Mangtinese 

1 .12 

0 25 



^.53 

Water (HX)) 

10.34 

'is'oo 

Ls’otX 

' 24 00 ' 

Fotasli ((k.,()) 

— 


. r--.' 

0 50 ^ 


100 41 

00 20 

101.41 

00.97 


I. El^m, .Scotland II Stcuibruck, Slyim III Dctr.nt Mine, Mont/l.ako, C’ulifoinia 
I V' btru’gau, Silc&iu 


It will l)c noticed thtit none of these agree very closely with the 
com[)osition given hy Dana except III. If No. IV is lialloysite, it 
evidently has considendjle impurities. 

The kaolin found near Leaky, Edwards County, Tex./ appears to 
be of intermediate composition between kaolinite and halloysiti;^ and 
may be a mixture of the two. 

Indianaite. — This is a whitish clay occurring in the Pott.svilk con- 
glomerate in Lawnmee County, Ind. (st'c Indiami clays), which isjdact'd 
under halloysite by Dana,- and called allophane in tht; Indiana'^ Survey 
report. ^ 

Of the following analy.ses, No. I is given by Dana, and No. II by 
the Indiana Survey, Nos. Ill and IV are for comparison. 


Awia^ks of TvDrwM'iK, ir\ii,o\snF, and Kvoilmtf:. 


Sihca tSiOJ. . . . 
Aliiniina (Alt),). . . 
Feme oxide (l'e_(),), . . . 
Jatno (C'aO), , 

AlagrieMii (Mj;0). . 
Potasli (K,()). 

Soda (Na,()) 

Water (11,0). . 


I * 

11 

III 

JV. 

13 2.5 

30 02 

j GO 

\i 

.38 GO 

05 

{ S 

13 5 
.3G 0 

IG 3 
30 8 

1 .50 

/ 13 

i 23 



15 .52 

15 17 

10 G 

13 0 


* The in<).‘.lurc Jiris hocri left out. and the ic( alculatcil (o ](l() pci eetil. 


While the percent ag(‘ of combined \\ater in tliis matt'rial is highcT 
than in kaolinite, and the sili(*a lower, still they aj)proach no more clo.sely 
to those given for lialloysit(^ than they dilTia’ from .similar constituents 
of kaolinite. 


' See de.seriptioii of Texas clays. 

* Sy.steni of Mineralogy, 0.S8, 1802. 

• Ind, Gcol. Surv., 20th Ann. Kept. 
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An intorestlno; tyi)o of clay apparently allied to Indianaile lias been 
described by II. (iardner from tlui SubcarbonilVrous near Itrowns- 
villo, falmon.son^ (\)uiity, Kv.^ d’la're, iind('rl\in^ the ('ofiglomerate 
sandstone is a wliito waxy clay yith conclioidal fractui'e and said to re- 
swfible Indianaite. It grade's down into a li.'ird jjrow'ii la 3 X'r thought 
to be bauxite (I‘hg. 17a) with admixed waivellitc. 


70 ft. 



Conglomerate Sandatorjo 


1 ft, 
4 ft. 

2 ft. 

10 ft. 
2 ft. 



and waxy (Indimaite) 
Mixture B.iuxite and Wavellite 

Cohere I ‘.hawing I uter 
on .,'jrfacu 

Katkaski i Limestone 


t'tG. I?!'/ - Scctioji ill ,‘-.iil)-e;ii boiiifcnms nc'tr I’rowiisvillo, K3' , ■diowiiLaocciirrcncf' 
of Indianaile and haiixile. yVfler (iardnei, Ky. (ieui iSiirv., Jtiill (1, JOO.).) 

Tluf following analyses, which art' takt'ii from (lardner, have been 
rccalculatt'd to aftt'r subtracting an apprecialile ])ercenlage ot 

nioistui'e f,’’''en muh'r each. 


AX.VI>ysiS OF CLWS FHOM F.DW '‘N.SdX TO., KV. 



WIiiio ('lav 

W axy Clay. 

n.'iiiMfe' 

W, online 
.Mix hire 

Siliea (SiO.) 

■It 00 

4.5.:{.5 

22.81 

Alinninn, (\l,0,) 

:>.s.i7 

07.01 

•10.1,5 

I''erne oxide (l''e.,0,) 

.17 

. OS 

1 . 11 

lame (FaO) 

.10 

.80 

.11 

Mayiicsia (.M;i:0) 

.5.5 

.,50 

.1.) 

Potash (l\,0) 

.00 

.21 

. 4.5 

Soda (Nhi.O) 

,08 

.00 


PliONpliorie acid (Pdh,) 

.21 

.2.4 

4.27 

Titanic acid ('I'lOA 

tr 

tr 

(r 

Snlplinr tiaoxadf; (SO,) 

1r 

ti- 

..40 

Iji^nit loM 

1.5.00 

lt. .SI) 

2 :} 82 

d\'ia1 

00.00 

00.0,5 

1 00.07 


Pholsrite. — This term wxas first ap])lled by Guilleniin in JS25- to a 
pure wdiite pearly substanc(‘, occurring in the form of small hexagonal 
scales, soft and friable to the touch, adherent to the tongue, and giving 

' ‘ Ky. (F^> 1 . Siirv., Pnll. (i, p. .50, ]‘)0r>. 

* Ann. dcs 'Mines, XI, p. 4S0. 
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a plastic mass with water. Similar oceurrcncos were noted later by 
J. L. Smith ^ ill JS")!), by A. Kiiop,- and by L. L. Koninck/'^ 

'J'he composition of ])hol(‘ritc is: Silica (SiOj) dtl.d, alumina (AI 2 O 3 ) 
45, water IT).?, which corresponds to a chemical formula of 

2Al2();{,:kSi().^,4ir20. 

Dana^ classes this under kaolinito, and gives halloysite as a separate 
species, but, in view of the fact that the pholerite has been foimd'm 
crystalline form and tlic halloysite not, this hardly seems rpasonable. 

So far as the author is aware no crystallized pholerite has been 
described from the United States, but Wheeler has pointed to its prob- 
able presence in some of tlic Missouri tlint-clays,''’ in which the silica- 
aluniiiia ratio ranged from 0.91 to 1.15. Now, since this ratio in kaolin- 
ite is 1.10 and in ])holerito O.Sl, it seems ([uite jirobable that in some at 
least of the Missouri clays there is a mixture of kaolinite and pholerite 
present. 

(' 00 k, in his report on the Now Jersey clays, gives 32 analyses 
in whic' the combined silica has been separated from the sand, and of 
these 21 seem to indicate the presence of some pholerite, their silica- 
alumina ratio ranging from O.O-l to 1.15. 

If this (‘xplanation is correct, then pholerite is no doubt present in 
many otlicr fire-clays, and p(‘rhaps even some kaolins. The writer has 
questioned whether the jiresence of bauxite with the kaolinite might not 
give a mixture with a high alumina percentage similar to that shown 
by pholerite. 

Uelonging jiossibly to this tyfie is the high-alumina flint clay des- 
cribed by ( ireaves-Walker' from Olive Hill, Ky., whiifii has the following 
composition: 

Anvlisis f)F TTiciiLY Aluminous Flint Clw 


Silica (Si< ),) 3!) 55 

Almniiia ( \13)j) 33 35 

Fcrri, -oxide (Fe/A) 2.57 

Lime (CaO) 5G 

Magnesia (.MgO) 50 

Loss on ignition 13.09 


09.03 

’Amer. Jour, Sei , ii, XI, p. 5S. 

^ Nenes Jalirh. Min., IS.V.); also Jolmson and Blake, Anicr. Jour. Sci., XLIII, 
p. 301, ISO?. 

^ Zeitsclir. f. Krvst u Min., II, p. COL 
^ Syst. Min., 1S93, p. 0S.>. 

®Mo. (leol. Siirv., XT, p. 50, 1.S97. 

*N. J. Cleol, Siirv., I.S7S, 

’Trans. Amer. Ceram. tSoc., VII T, p. 207. 
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TliG clay contained small rounded bodies which arc nearly pure 
alumina. 

Greaves- Walker states, however, that the matrix surrounding; these 
has the same composition as the No. I flint clay. So while (he hulk 
allalysis gives a composition re<emhling phok'i’ite, lU'itlK'r the mati'ix 
or nodules alone do, and one might ])(‘i‘haps (|U(\s(iou wludln'r the 
material is not a mixture of kaolimle and bauxite, anah’sis gi\'en 
above is ript the most aluminous one recorded, for one showed 
AI2O3. 

Nacrite, according to Johnson and Blake, ^ is identical w’ith pholeritc. 

Rectorite.^ — Monodinii;. In k'aves or j)lates resem])ling mountain- 
leather; hardness less than that of talc; feels soapy; luster peaiiv; color 
pure wdiite, sometimes staimal red with iron oxidca Composition: 
HALSiOj or Alj()3,2Si02 IL>0 - silica 50.0, alumina 12.5, water 
7.5. 

Newtonite.'^ — Bhombolu'dral. In soft, compact masses, rescunbling 
kaolinite. t'olor white. Its composition is lIsABSijOi 1 | wab'r, or 
Al20,{,2Si02,5Il2()=^ silica 3S.5, alumimi 32.7, water 2S,S. Sp. gr. 

2.37.’ 

Allophane. — Amor[)hous. As inci-ustations which are usu.ally thin, 
with mammillary sui'fac(‘. Occasionally almost pulverukait. Fracture 
impoi’fectly conchoidal and shining to earthy, \’ery bi'ittle. ('obr 
variable. Translucent. Hardness 3. Sp. gr. 1.S5-1.S0, A hydrous 
aluminum silicate, Al.Si()r,-|-5H20- silica 23.S, alumina 40.5, water 
35.7. 

Other species listed by Dana in the kaolinite group are; 

Cirnolite, IToAkiSicjO^r l-dIDOC?) 

Montmorillonite, H 2 Al 2 Sii()j 2 |-an20. 

Pyrophyllite, H 2 Al 2 SijO| 2 . 

Collyrite, Al 4 Si(\, OIFO. 

Schrotterite, Al^oStjO,'}, 31)1120. 

Le C^atelier’s experiments. TI. I.e (Jiatelier.'^ in studying tlie action 
of heat on certain clays, emi)hasized t he fact that the hydrated aluminum 
dlicates, in spite of tlaar common occurrence and their industrial import- 


‘l.c. 

® Brackett and Williams, Amcr. .lour. Sci., XT4I, p, 10, 1S91 
«Ibid. 

•Compt. rend., CIV, p. 1143, 1SS7; also Ding, polyt. Jour., CCLXV, p. 94,1887. 



54 


(’LAYS 


anco, are little known as regards tlu‘ir cliomical constitution, d'licy 
generally form mixtures so complex that analysis alone furnishes no 
precise data as to tluar nature, and he sugg('sts that by stud}'ing the 
temjocrature of dehydration of these bodies, it may be }X)ssible to iden- 
tify a small number of chemical species, and to distinguish the preseine 
of each of thoTU in different mixt ure's. J.e ('hatelier states that, if a small 
quantity of clay is rajudly heated there occurs at tlu' monu'iit of de- 
hydration a retardation in tlu' rise* of temperature, and thi.s point may 
be utilized for (‘stablishing a distinction betvve'cn the various h}’drated 
aluminum silicates. 

As a result of his experiments he recognized the following groups: 

1. llalloysite (2Si( )2,Alj()3,2H2()-l- A(]). Shows a retardation in t|u‘ 
rate of rise of the temperature Ix'tween 150® and 200® a second one 
at 700® C., follow('d by a sudden accelemtion at 1000® C. 

2. Allopliane (Si(42,Al2();{+ A(|). Retardation Ix'twx'c'ii 150® and 
220° (1., and acceleration at 1000® ('. 

3. Kaolin (2Si()2,Al2l):n‘2ll2t)). Show's n't’ardation towards 770° ('., 
and a slight acceleration towards lt)00® C. 

4. Pyrophyllite (•lSi() 2 ,Al 2 () 3 ,H 2 ll)< 4'h(‘ first distinct retardation 
occurs at 700° and a second, but less-('vident oik', at S50® (\ 

5. Montmorillonite (4Si()2,Al2( l.ollof ) + A(i). Mrst reta.rdati(m at 
about 200® C., a second at 770® C., and a third less-niark('d one at 050® (1. 

Other Minerals 

Quartz. — This mineral whose formula is SiOo is found in at least 
small cpiantities in nearly every clay, whether ix'sidual or sedimentary, 
but the grains are ran'ly large enough to be se('n with the naked eye. 
They are translucent or transparent, usually (T angular form in n'sidual 
clays and rounded in sedimentary ones, on account of the rolling tlu'y 
have received while being washed along the ri\('r chaniH'l to the sea, 
or dashed about by the weaves on the beach previous to tlu'ir (h'position 
in deeper, (piiet water. The quartz grains may be colorless, but are more 
often colored superficially red or yellow by iron oxide. Nodular masses 
of amorphous silica, termed chert or flint, are found in sonx' clays. 
These arc not uncommon in many residual clays of the Soiitlu'astc'rn 
States, and (juartz pebbles are by no uK'ans rare in many scdinu'iitary 
clays of Mesozoic or Pleistocene age; irnh'ed, most of the sand-giains 
found in the coarse, gritty surface clays of sedimentary character are 
quartz. This mineral also forms most of the hard jx’bbk's found in the 
so-called “feldspar” beds of the Woodbridge district of New' .h'rsey.^ 

^ ilicfi uiul Kuminel, N. J. Geol. Surv., Fin. Itept., VI, p. 4G<S, 1904. 
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Both quartz and flint am lii^hly rnfractory, hniii;;!; fusible only at 
cone 35 of the Seger series (se(‘ Eusibilily, ('hap. Ill), but the pn'senee 
of other minerals in the clay may e\ert a fluxing action and cause; the 
quartz to soften at a much loner lempe'rature. 

The amount of <]uartz in cla\s Aaries from iindcT one pe'r cent in 
some kaolins or fire-clays to o\('r 50 or 00 per (‘I'lit in sonu' \ery sandy 
iflfl^ck-clays. 

Feldspar. — 'this mineral is nearly as abundant in sonu' cla\ s as quartz, 
()ut, owing to*the ease with which it dcTompose's, the grains ai’(' ran'ly 
as large. 

When fresh and unde'composed the grains have a. bright liisb'r, and 
.^rlit off with flat surface's or cleavage's. I'C'lebjiar is slight Iv softe'r tlian 
quartz, and while the latte'r, as alreaely m('ntie)neel, scratches glass, the 
feirmer nill neit. 

Tlu'i'e' are seve'ral ^pe'e'ies e)f fe'ld>j)ar, whie*h \ary seimewhat in their 
chemical compe)sitie)n, anel are knejwn by difle'rent name-s, iis shown 
below. 


(’oMi'o.'-i I'lov OK \i;s 


. 


e’homioal e 'nmposiUoii. 


Feldspar Sp(‘ric>J. 

— - 

-- 






Sien 

Al,(), 

Ka ) 

N.i.ej. 

('aC. 

Ortlioctuse 

(It 70 

IS JO 

10 00 



Alhitp 

()S 

20 


12 

12 

(tligocla.se' 

()2 

24 


0 

5 

Labiadorite'. 


:to 


1 

1 4 

Aneirthitc, 

ts 

.47 



20 


d'ho fusing-point e)f fe-lds])ar is about ce)ne 0 (se'e' Sege'r ('e)ii('s, unde'r 
Fusibility), ])ut the diffe'ivnl sperie's vary seirnewhat in their nu'Iting- 
points. 'the' fe'lelspar grains may, heineve'r. be'gin te) (lux with othe'i' in- 
givdieuits e)f the e*lay at a mue'h le)we'r teuqierature'. (Se'e unde'r .\lkalie'S.) 

— 'Phis is erne eif file' fe'w niine'rals in clay that can be easily 
de'tected with the nake'el v}*', fen* it eaanirs e'onune)nly in tlie form e)f thin, 
sc;dy particle's wlieise' bright, shining siirfae'e' rcnde'rs tlu'm ve'ry con- 
spicuous, e'ven wlien small. ^ ery fe'W clays are' eaitire'ly five freem mie*a, 
eve'U in their waslu'd ceiiulitieui, Ibr, eui ae'e'e)unt eef the light se'aly char- 
acte'r e)f (lie mine'ral, it fie>ats e)ff with the e*lay jiartie-h's. Some e'lays are 
highly mie'ae'e'eius, but such are' rare'l\ e)f mue'h e'eunmere'ial value'. 

The'iv are seve'ral spee-ie's e)f mica, all e)f rather e-omple'X e*e)mpe)sitie)n, 
but all silie-ates of alumina, with eethe'r liases, dwei eif the cennmemest 
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species are the white nu(;a or muscovite, H 3 KAl 3 (Si() 4)3 ^ (Si ()2 
45.2, AI 2 O 3 38 5, K'A) H-N, ll^O 4.5), and the black mica or biotite 
(Hi K) 2 (Mg,Fe) 2 (AI,tV) 2 (^^iH|)j. Of llu'se two, the muscovite is the most 
abundant in clav. Ix'cause it is not readily attacked by tlic weathering 
agents, d'he biotite, on the otlier hand, decomposes much more rapiefl}' 
on account of tlu' iron oxide \\hi(*h it contains. Otlier spedes of the 
mica group are no doubt pix'seiit in some clays. The effect of mica 
burning is mentioned undt'r Alkalk'S. 

Jx'pidolite occurs in some clays, as evick'uced by the ^mall amounts 
of lithia which have been occasionally noted. ^ 

Iron Ores. — d’his title incliak's a series of iron compounds which are 
sometimes grouped under the above heading, because they are the same 
ones that .serv(‘ as ores of iron when found in suthciontly concentrated 
form. The mineral speci('s included umhu' this head arc: Limonite 
( 2 Fe 2 (hi, 3 H 2 <) =- 85. 5'',^,, Hot) 14.5T), hematite (l'V 2 t);d, niagnetite 
(Fe;i() 4 ), siderite (Fet’O;,- FeO () 2 .H,;, ('(>2 37.9',). 

Limonite. - 4'his mineral occurs in clays in a variety of forms, and 
is often widely distributed in them, its presence when in a finely dividid 
condition being shown by the yellow' or brown color of the mat(‘rial. 
When the clay is uniformly colored the limonite is ev(‘nly distrib.utiHl 
through it, sometiiiK's forming a mere film on the surface of the grains; 
at oth('r tiuK's it is colh'cted into small rusty grains, or again forms 
concretionary mas.ses of spherical or irregular shape; in still otlu'r clays 
it is found in tlie form of string<'rs and crusts, extending through the clay 
in many directions. 4 ho concretions are often especially abundant in 
some w'cathered clavs. At times they take th(‘ sha.p(' of thick-w'alled 
cylindrical bodies which hav(‘ apparently formed around ])lant-roots. 
The beds of sandstone found in many of the sand and gravel 'deposits 
associated with some clays are caused by limonite cementing the sand- 
grains together. 

Limonite concretions can often be removed by hand-picking. Jf 
left in the clay, they cause fused blotches which are unsightly and some- 
times even cause splitting of the ware. 

Limonite is most abundant in surface clays, especially those' w4iich 
are of sandy character or sufliciently {porous to admit the oxidizing 
w'aters from tlu; suHace. It is also found (juite fr('(iuently in tlu* weath- 
ered outcrops of many shales. 

Hematite, the oxide of iron, is of a red color and may be found in 
clays, but it changes readily to limonite on exposure to the air and in 
the presence of moisture. 

' N. W. Lord, Anier. Inst. Min. Lng., Trans , XH, 505. 
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Magnetite, the nuigiK'tie oxide of iron, forms hlaek magiietie 
grains, aiul^ while not eommon, is sometimes found when the 
rnaU'rial is ex^imiiu'd mieroseopieally. Like Ihe hematite, it changes 
to limonite. 

Siderite, the carbonate of iron, may occur in clay in tlu' following 
forms: 1. As concretionary mass('s known as clay-ironstones, ranging 
^4i/siz(’ from a fraction of an inch to several feet in diaiiK'tt'r. They arc 
\('ry al)undant in some Carbonih'rous shah-s, and arc often strung out in 
lines parallel tvith the stratification of the clay. If lU'ar tlu‘ surface, 
the siderite concretions often change to limonite. 2. in tlu' form of 
crystalline grains, scattere(l through the clay and rareh visibh' to the 
naked eye. 3. As a film coating other minerals in the clay. This min- 
eral will also change to limonite if e\p()sed to the weather. 

When iron carbonate is in a finely divided condition and e^'enly 
distributed through th(‘ clay it may give it a blue oi- slate-gray 
color. 

Sid('rite may be present in some s\irface clays, but it is ))ro])ably of 
greatest importance in shah's, notably those associated with coal-seams, 
and'may occur in eitlu'r fiiady di'. ided (disseminated) or coiici ('I ionary 
form. 

PyriteMl’TS 2 = Fe S .TLd' This miiKU'al, wITk-Ii is not 

uncommon in some clays, can b(‘ ofl(m scvii by tlu' naked (wax and is 
known to the clav-ininers in some districts as i-nilphui. It ha.s a yi'llow 
color, metallic lustiw, and occurs in large lumps, small grams or cuix's, 
or again in flat ros('tt('-like forms. Not infnapiently it is foruK'd on or 
around lumps of lignite, showing (piiti* ('hxirly that tlu' carbonacc'ous 
matter has lediurd some iron sulphate presimt fo sulphide. It is a 
familiar 'iobjcvt to all clay-mim'rs of tlu* Raritan district of N(w\ ,lcrs('y, 
and abundant also in manv rarbonih'rous claxs. 

When expo.s('d to tlu* W(*alh(‘r pyrite alters rather easily, first to the 
sulphate (,)f iron a,nd tlum to limonite. (’lavs containing pmati' arc' not, 
as a rule, dc'sired by the clay-worker, and in mining (he p\ri(ic material 
is rej('ct{Hl. 

Pyrite may b(' found in almost any elay or shale, but, owing to the 
ea,se with which it is convert! d into limonite its formation or permaiK'nce 
in surfac(' cla> s is rare. 

Calcite ((’a(’(){ ""(’aO Ali.OOT', ('Oo TLOO ^3).-This mineral, when 
abundant, is found chiefly in clays of ivcent gc'ological age, but some 
shales also contain considi'rable (plant it ies of it. It can be easily de- 
tected, for it (lis.solve.s rapidlv in weak acids, and ('fffTvesces violently 
upon the application of a drop of muriatic acid or even vinegar. It is 
‘ Iti .some cl.-iy.s tlii.s may be marca.site, tlic ordiorliombic form of Fe82. 
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rarely present in grains l;iri;e enon,i;h to he seen \\itli the nakcal eye, hut 
has l)een detected with the microsco|)('d 

In sotne clays calcit(\ as w(‘ll as some other min(‘rals,„mav form con- 
cretions. Many of the lacustrine' and frlacial cla>’s found in Wisconsin 
and Michi^ran contain lar«(i ({uantities of lime carbonate, and someVr 
those found in otluT states arc highly calcareous. The Hood-plain clays 
mentioned iindc'r IV'xas often carry a liit^h ])erc(‘ntage of carhonate'W 
lime. 

Gypsum (('aS(),, 2 ll 2 () = ('a() 80.3 40.5%, 20.9^:;).— 

It is douhtful whether this mineral is widely distrihuted in clays, hut it 
is true that some deposits contain lar^-e ((iiantities of it. It may occur 
in a finely divided condition, or in the form of crystals, phites or fihroijs 
masses of sc'lenite. 

The Salina shales of New' \ork fn'qiiently contain lar^’e plate's e)f 
nearly e*lear seHe'iiite, whiles some cla\s e>f the southe'rn Atlantic e*oastal 
plain exhihit fine crystals of it. Its .seeftne'ss, pearly luster, and trans- 
parency remeler its iele'iitificalion e'as\ whe'ii the' pieces are' of ma.croscoj)ic 
size. When heated to a temperature of 250° F. (121° C.) the' <>ypsiim 
loses its water e)f comhination, anel whe>n hurne'd to a still higher teeni- 
perature the sulphurie* ae-id pause's off. 

Rutile (li()2~4i 00^, () lOT) is pre'sumeel to he e)f wide'-spread 
occun’ence in clays, he'eauise' titanienn is usually femnel on e*hemie“al amily- 
sis when projee'r feasts are' maele*. Rutile ^'rains e^an he sc'eai nneler the 
microscope in many fire'-clays, anel the a.nalyses freepiently show the 
presence of titanium. e')\ide to the^ extent of twee per cent or more. I hc 
pre.'sence of this mine'ral, however, is unfortunately too e“omme)nlv i^;nor('d 
in the analysis of clay, and ye't, as will he shown late'r, its effee-t on the 
fusibility of e-lay is such that it she)nld ne)t he ne^k'e-te'el in tire hi^Iu'r 
graele-s at least. It oe-curs meystly in the form of bristle '-like* e-iystals. 
No syste'matic stuely of the'ir e)ccnrrene*e in clay has e'vea- hee'ri taken nj). 
The wTiteT has eehserve'el them in some of the Staten Island, N. V., clays, 
and refe'rence has he'e'U maele to them from time to time Iw other write'rs.^ 

Ilmenite (HiIeoD.p probably occurs in clays, hut as far as the writer 
is aware its pnse'ne-e' has not been eh'finitely mentioned. If pi'e'sent, it 
would probably he in part altered to leiicoxene Ilmenite is me)st likely 
to occur in theese e-lays which have been derived from sodr,Tie;h and basic 
eruptive roe;ks. 

‘ Whcolor, Mo. (tool. Siirv., XI; Jtuckicy, Wis. (tool, and Nat. Hist. Survey, 
Tull. VII, rt. I. 

2 Sec J. J. II. Teall, Miii. Mag., TIT, 201; G. E. Ladd, Anier. Geol., XXIII, 240, 
1899. 
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Gl^'ttC^ite, a hydrous silicate of pol.-ish and iron, is a common 
ingredient/(Tf^me clays. Its (onipo.sition is often somewhat variable, 
and it may coXitain otluT ingredients as impurities, d ims a samph^ 
New Jersey anal} zed Silica 50.70', alumina S.Oo'/^, iron 
I oxide 22.50';';,, magnesia 2.10';,, lime 1.11';,, potash 5.S0', , soda 0.75';, 
yu^r S. 95 ; It is an easily fusible mineral, and hence a liigli peaventage' 
oTit is not desiix'd in a clay. It is found in the ('lay Marl formations 
of the N('W J('|jjsey ( ndace'oiis,'^ and in the IMcene formations of Mary- 
land 3 and other coastal-plain stales. 

Dolomite and Magnesite. -Dolomite ((’aMgt (),{- ('aO MgO 

21.7';, ('02 47.S';) and magne.dle (Mg(’();} - MgO 17.0';, ,000 52.4';;,) 
iifay both occur in clay. Tluy are soft minerals resembling calcite, and 
either alone' is highly refractory, but when mixed with other minerals they 
exert a fluxing action, although not at so lou' a (('inpcTatui’i' as lime. 

In SOUK' re'sidual chu's deri\('d from dolomitic limestone the grains 
of till' dolomite are ch'arly \Di))le in thosi* jxirtions of the mass in which 
disintegration has. not proceedt'd very far. 

Hornblende and Garnet, —d'hese' are both silicate minerals of com- 
plex com])Osifi()n, which are probably abundant in many impure clays, 
but tiieir grains aiv ran'Iv largc'r than microscopic size. Doth are easily 
fusible, and waaither n'adily on account of the iron oxide in them, and 
therefore impart a (h'ejvn'd color to clays formed from rocks in which 
tht'y ar(' a prominc'iit constitia'nt. 

(lariK't in fair-sized grains has been noted by the writer in some of 
the North ('arolina kaolins. 

Vanadiates, though not common in clays, may cause discoloration. 
In Germany they have been found in clays associated with the lignites, 
and also in some tire-clays,** but in this country, so far as tlu' writer is 
aw^are, they have never been investigated. Clays (‘ontaining soluble 
vanadiates, if not burned at a siifliciently high tc'inperature, will show 
on the surface of the ware a gnM'ii discoloration which, though it can be 
wxished off with water, will continue to return as long as any of the salt 
is l('ft in the brick. Vanadiati's may be rendc'H'd insoluble by burning 
the clay to a point of vitrification.^ 

Tourmaline. — Since this mineral is not an uncommon constituent of 
many pegmatite veins, it is sometimes found in kaolins derived from 
pegmatites. Large crystals of tourmaline arc frequently found in the 
kaolin of Henry County, Virginia. 

‘ N. .1. (Icol .Siiiv , Fin R(*[)(., \’l, |> lU, P.)0t. 

' Ibid , p. 151 

^ Md. Ceol. iSiirv , Eor-ciu', p. .52, l!M)I. 

* iSegcr, Ges. ISchrift, p. dOl ; also Toniiidus.-Zeit., 1S77, No. 4G, p. 53. 

' Ibid. 
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Wavellite. — This mineral, which has the formula Alo(OHV { 1 ^ 04)4 
-f 91120, has been found in the white clay associated wiKi lUanganese 
and iron ores on the northern slope of South Mountain, hear Mt. ITolly 
S[)rings, Pa.^ The wavellite which occurs in aggregates of whii-e 
nodules, appears to bo limited to a streak of the residual clay 40 to SO 
feet wide. ^ 

Its occurrence has also been mentioned by Hopkins from No^th 
Valley Hill in Chester County, Pa.- 

Nontronite. — H4Fe2Si209, the ferric equivalent of kaolinite’^, des- 
cribed by Weinschenk, may occur in clays, ])ut is rarely referred to 
or identified. It is less stable than kaoliiiite, being easily decomposed, 
either by acid or alkaline solutions, yielding limonitc as a final produ'^t 
of aqueous action. 

Manganese oxides.— These occur in many clays in small amounts, 
and when determined are found to rarely exceed one per cent. In some 
residual clays the manganese has been sufficiently concentrated to be 
worth collecting. 

Vivianite (FC2P2O8 + 8II2O- FcO 13^;;, IVO, 28.3%, 11%) 28.7%) 
has not been described as a common c(mstituenl of clay. It has been 
noted in certain Pleistocene clays of Maryland,* in which it occurs as 
small blue spots. It is not known what effect large (piantities of it 
might have on the clay. 

Rare elements.— Even such rare elements as cerium, yttrium, and 
beryUiurn oxides have l)een (Udermined in some clays.’’’ Aiiotlicr writer 
mentions molybdenum, copper and cobalt.*' 


THE CHEMICAL ANALYSIS OF CLAYS 

There are two methods of quantitatively analyzing clays. One cf 
these is termed the ultimate analysis, the other is known as the rational 
analysis. 

The ultimate analysis. — In this method of analysis, which is the one 
usually employed, the various ingredients of a clay are considered to 
exist as oxides, although they may really be present in much more com- 

1 G. W. Stose, r. 8 Cool 8urv , Lull. .‘11.), p. 474, 1907. 

* Ann. Ropt Fa. .StaU* (’oil , IS.S9-1900, Appen. 3, p. 13. 

3 Zeitschr, Kry.st. u. Min , XXVTII, p. 150, 1897. 

« Md. Geol. Surv., IV, 228, 1902. 

® J. R. Strohccker, Jour, prakt. Chem (2), XXXIII, p. 132; Abs. Jour. Chem. 
Soc., L, p. 314, 1880. 

® Deutsch. Tbpf. u. Zieg. Zeit., 1880, p. 367, and 1881, p. 387. 
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plex\mns. Tims, for exiiniplo, calcium carLonaic (CaCO;}), if it were 
presciit^nLjj^jt expressed as such, but instead it is considered as broken 
up inJ^»i?arb(^dioxide ((’O^) and lime ((ViO), with the ])ercent;i^^c of 
given separately. The sum of these two })ercentages would, how- 
bo c(pial to the amount of lime carbonate prcseid. While the 
ultimate analysis, therefore, fails to indicate defmitf'ly what compounds 
^jj;/present in the clay, still there are many facts to b(5 gaiiu'd from it. 

The ultimate analysis of a clay might be expressed as follows: 


Fluxing biipuritics. . 


Alkalies. 


Silica (SiOo) 

Alumina tAljO,^) 

Id'ri'ic oxide ( Fe^t );;) 
Fc'i'i'ous oxide,. . (F('()) 

Lime (CaO) 

Magne.sia {‘^lg<^) 

r Potash .... (K^O) 

I Soda (Na^'l^ 

Titanic oxide (TiO.,) 


Sul))hur trioxide(S();{) 
Carbon dioxide 


Organic Fatter: 

A\ater (IFO) 


Tn most analyses the first eight of 1hes(‘, excepting the foui’th, and 
the last one are usually determiiKal. The percentage of carbon dioxide 
is small, e\c('pt in very calcareous cla\s, and thei'efore commonly re- 
mains undetermined. Titanic oxide is rarely hxtked for, except in 
fire-cla>s, and even here its pi’csence is fi-e(iuently neglected. Since 
the suluhur trioxide, carbon dioxide, and water arc volatile at a red 
heaJ^They are often didermined coHectivaily and expi’cssed as “/o.s.s on 
vjnitlon'' If carbonaceous malt(‘r, such as lignite, is present, this also 
will burn off at redness. To separate these four, special methods are 
necessary, but they arc rarely applied, and in fact arc not very necessary 
except in calcareous clays or highly carbonaceous ones. The loss on 
ignition in the majority of d/-//' clays is chiefly chemically combined 
water. The ferric oxide, lime, magnesia, potash, and soda are termed 
the fluxing impurities, and their effia-ts are discussed under the head of 
Iron, Lime, Magnesia, etc., and also under Fusibility in Chapter III. 

All clays contain a small but variable amount of moisture in their 
pores, which can be driven off at UKF C. (212° F.). In order, therefore, 

‘ This means dried at 100° C. until their weight is constant. See under Moisture. 
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to obtain results that can be easily compared, it is desirable ta^-niake 
the analysis on a moisture-free sample which has been asly diied 

in a h('t-air bath. This is unfortunately not universally done. . 

Interpretation of ultimate analysis. - Miu'h has been said for a»,ul 
a^ijaiiist the usefulness of the ultimate analysis of a clay to bve used /' 
the manufa(‘turc of burned clay w'ares,* but whatcv'er the predominating ^ 
opinion, ultimate analy>cs are still mad(\ There arc some eeram\it'=' 
who profess to have little or no use for the chemical analysis, w'lnle 
other persons, not all ceramists, attempt to make all sdrt-; of interpre- 
tations from it. Neither class is probably right. It seem-; t) tin 
author that an ultimate analysis is sometimes, or even oft(Mi, of value, 
but that there arc many })hysical characters, regarding which the anally' 
sis affords no data. It might also be reasonably ai'gued that even in 
the can of those physical properties which are showni by the analysis, 
their deteriniiiation is often more easily acconij)lishcd by ( t'ler an I 
simpler tests. The ultimate analysis often lacks also some of the 
value which it might ])ossess, through iK'glect to determine sepaieTn'v 
such substances as titanium oxide, sul{)hur trioxidc, carbon an I ferroin 
iron. 

Attempting to regard the matter from a fair and conservative stand- 
point, it would seem that the follow'ing data are obtainable from the 
ultimate composition, remembering, however, that there may be ex- 
ceptions to every case, which do not necessarily render the conclusions 
worthless. 

1. The purity of the clay, showing the proportions of silica, alumina, 
combined water and tluxing ini})urities pn'sent. High grade clays often 
show a percentage of .silica, alumina and chemically (“ombined water 
approaching ({uite clo.sely to kaolinite.- (See analyses I and II below.) 

2. The approximate refractoriness of a clay; for other thi?igs b(‘ing 
equal, a clay with high total fluxes, is commonly less refractory 
than one with low total fluxes. In this connection it is to be remern- 
bcrc 1 that texture, irregularity of distribution of the constituents, and 
condition of kiln atmosphere are among conditions affecting the result. 

3. The color to wdii(;h the clay burns. 'Phis must be judged with 
caution. Assuming the constituents to be evenly distributed, then a 
clay with 1% or less of ferric oxide is likely to burn pure white, but at 
high temperatures titanium if present produces discoloration. One 

' Clay for Portland cement is not considered, of coersc, in this disevesion, as 
every one admits the nece.ssity of chemically analyzing such material. 

" Exce[)tions would be those containing other hydrous silicates, such as halloysite 
or pholcrite. 
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with cent of forn(* oxide is likely to hum huff; one with several 

per cent oKp^j^re of ferric oxide will usually hum red if there is no 
exeesj^irTmie oi^aluininad It should h(‘ reniemh('red that eoiiditiou 
Upe kiln atmosphere, texture of th(^ clay, and sulphur m tlu' firt; <;as 
liTft}' all afh'ct the r(‘'^ults. 

^ 1. Tlu^ (juantity of (‘heniically eomhined water, ('lays with a lar^e 

^tTjmmt sometimes show' a hi^h shrird<ag(‘, hut tlu'rc arc many e\(*(‘[)t ions 
to this. 

5 . Excess of silica. A hij^h percentaf»c of silica (SO-pl)' [.) mav indi- 
cate a sandy clay, and possibly oik' of low' .shrinkaii,!*, hut. does not lu'ci's- 
sarily point to a very ham one. Ili^h silica in a tire-clay usually >hows 
iii(4derat(3 lefractoriness pi-ovided it is e\(mly distrihut(‘(l. 

6. Organic matti'r. This should he detcMmiiiU'd, as it caiiM's troiihlo 
in huriiiii^ if jiresent to the extent of several pi'r cent,- i('quirin<^ 
thorou”h oxidation in firing hid'oro the clay is allowc'd to pass to the 
viti'ilicatioii stagix 

7. Sulphur trioxid<\ Since this may Ix' th(' cause of swelling In 
impropcM'ly hurned wares, and aho indicate th(‘ presenci' of soluhle 

, sulidiJttes, it should always he dete: miiuMl.^ 

S. .The preseiH'o of scweicd per c('nt of liiiK' and cai'hon dioxide 
shows th(' clay to he of calcan'ous character, and not only oftmi of 
huff-hurning character, hut with a naia-ow margin Ix'twc'eii vilrilicatioii 
and viscosity. 

9. 'ritanium dioxide should he detcM'miiuxl, ('specially in lire-clays, 
for, as has hecn showm hy tlu' author,' a small (piantity may reduce' the 
fusion point of firc'-clav sev('i’al coik's. 

ft might s('em from the ahov(', that th(‘ ultimate analysis yields 
us miU’hyiiid yc't it leavc's us jiractically in th(' dark as to th(' plasticity, 
ay^j^iffTlirc shrinkage, density and hardnessof hurning, teiisilestre'ngth, 
etc. 

Two clays which show' marked resemhlance in tla'ir chemi(':d 
composition may show a wide divergc'iicxi in their physical ])rop- 
erties. 

As an illustration of this we have the two following clays from 
Ilari'ishurg, Tex., which form differe'iit Ix'ds in the same hank. 
Their characters are given in jeai'allel columns. 


' See Iron, Tame. Mumirui. 

-'Sf(' Carbon, Iron Oxide, Cliangos in Burning. 
'‘Se(‘ Sulfiliur; Snlplialc's. 

^Sec Titanium. 
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Silica (SiO,) 

Aldtnina (AKO^) 

Feme oxide (FcjOj) 

Lime (('aO) 

Ma^^m'sia (M^C) 

Soda (Na.O) 

Potasli (K,()) 

Titanic oxide (TiO^) 

Water (11,0) 

Water re(]uirod for mixing 

Aver tens strength, lbs. per sq. in. . . . 

Air slirmkage 

Plasticity 

Drying 

Absorp cone 5 

St eel hard 


.... 80.39 

80/4 

9 S2 

y:t.09 

.... 2.88 ^ 

y 2.25 

12 f 

•r.yt 

19 

.2b-v 
.10 } 

tr 

tr ® 

35 

.78 

.... 3 11 

0.00 

97. (U 

09.76 

.... 18.7% 

19,8% 

....188 

275 

.... 48 

S 6 

Fair 

Tligli 

... No cracking 

('racks 

.. . 15 til 

8 19 

. . . Cone 9 

('one 5 


A inoro intcrostinii; contrast coul<l hardly ])c desired, and it forms 
no exception. 

Variation in chemical composition of clays. — The variation in the ul- 
timote coin})osition of clays is well brought out. by the following aindyscs: 
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Variations in the same deposit.—Siiniltir diffen'iici^s may not infre- 
quently be shown by the diflerent layers of any one baiik, as tliv follow- 
ing analyses indicattv 
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Silica (SiO,) 
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analysis.^ — This method hiis for its object tlie determination 
of* the per^pi^><re of the different mineral compounds present, such as 
quart^j^flGtSspar'I^kiioIinite, etc., and jijives u.s a much better conception 
truef*charactcr of the material. Most kaolins and other high-grade 
. cl^s consist chiefly of kaolinite (or some similar hydrous aluminum 
l^ilie^), quartz, and feldspar, the first forming most of the finest par- 
of the mass, while the ])alancc is cpiartz, feldspar, and perhaps 
some, mica. The finest particles arc known as the clay substance, which 
may be looked u^xjii as having the properties of kaolinite. Now, as each 
of these three compounds of the kaolin — clay substance, quartz, and 
feldspar--have characteristic properties, tlie kaolin will vary in its 
beljavior according as one or the other of these constituents predominates 
or tends to increase. 

As to the characters of the three, quartz is of high refractoriness 
and practically non-plastic, has very little slirinkage, and is of low tensile 
strength; feldspjir is easily fusible, and alone has little plasticity; kao- 
linite is plastic and quite refractory, but shrinks considerably in burning. 
The mica, if .extremely fine, may serve as a flux, and even alone is not 
, refractory. It is less plastic than the kaolitiitc, and, when the percentage 
of it does not exceed I or 2 per cent, it can be neglected. To illustrate 
the value of a rational analysis we can take the following example* 
Porcelain is made from a mixture of clay, quartz, and feldspar. Sup- 


pose that a manufacturer of porcelain is using a clay of the following V. 
rational composition: 

Clay substance 67.82% 

Quartz 30.03 

Feldspar 1.25 

If pr.vV to 100 parts of this there are added 50 parts of feldspar, it 
•^v'vbtild give, a mixture whose c miposition is: 

' Clay substance 45.21% 

Quartz 20.62 

Feldspar 34.17 

If, however, it became necessary to substitute for the one in use a 
new clay Avhich had a composition of: 

Clay ‘Substance 66.33% 

Quartz 15.61 

Feldspar 1^ 01 


' 1 The method is described in the Manual of Ceramic Calculations, issued by the 

American Ceramic Society. See also Langcnbeck, Chemistry of Pottery, 1895, p. 8. 
See also Washington, Jour. Amer. Ceram. Soc.. 1, p. 405, 1918. 



iind added the same quantity of it as we did of the old cla}^^. -lo would 
change the rational analysis of the body to the following ^.^^portions: 


Clay substance • 44.22% 

Quartz 10.41 

Feldspar 45.98 


Such an increase of feldspar, as shown by this formula, would greatly 
increase the fusibility and shrinkage of the mixture; but, knowing the 
rational composition of the new clay, it would be easy, by making a 
simple calculation, to ascertain how much quartz and feldspar should be 
added to bring the mixture back to its normal composition. 

The rational composition of a clay can be determined from an ulti- 
mate analysis, but the process of analysis and calculation becomes much 
more complex. The rational analysis is, furthermore, useful only in 
connection with mixtures of the better grades of clay, in which the varia- 
tion of the ingredients can only be within comparatively narrow limits. 
For ordinary purposes the ultimate analysis is of greater value. 

Comparison of ultimate and rational analyses.^— If we compare the 
ultimate and rational analyses of a series of clays we find that two clays 
which agree closely in their ultimate composition may difftir markedly 
in their rational composition and vice versa, as shown in the table on 
page 63. 

In this table Nos. I and II rcpre.sent two clays which agree very 
closely in their ultimate composition, but their rational analyses dilfer 
by 6 per cent in their clay substance, 12 per cent in quartz, and nearly 
19 per cent in feldspar. Nos. Ill and V, and X and XII also illustrate 
this point. ^ 

In Nos. \T and VH, one a German and the other a North Forolina 
kaolin, the ultimate analyses are very closely alike, and the rational 
analyses also agree very well. This is frequently the case when the clay 
substance is very high, between 96 and 100 per cent, as in Nos. IX 
and XL 

A third case would be presented if the rationals agreed but the ulti- 
mates did not, but such instances seem to be much less common. 

* Ries, Amer. Inst. Min. Kng., Trans., XXVllI, p. IGO, 1899. 
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Altliough, as pointed out above, the rational analysis may be an in- 
valuable aid to tlie investigator of high grade clays, still the methods 
thus far devised are far from satisfactory for several reasons. 

One of these is that the treatment with concentrated sulphuric acid,* 
which is supposed to dccom})ose only the clay substance, may also at- 
tack the feldspar. This fact was noted by Langenbeck, in his ('hemis- 
try of Pottery,* although 8eger “ has stated that quartz and ortho- 
clase are hardly attacked at all by boiling dilute suljiluyic acid. 

At a later date Jackson and KiclP, in a papoi- on the Proximate 
Analysis of Clays, found that the feldspar was slightly decomposed by 
the acid treatment, and, curiously enough, to the same extent noted 
by Soger, viz., 2.2 P^’'^;.'* They also found that the strength of the alkali 
must not be neglected, d’hus, in iranniuif'' for one hour with a 5% 
caustic soda solution, silica and 1% alumina were extracted from 
the feldspar, and on a second treatment 1.4% and .4% respectively. 
It therefore appeared that caustic soda not only dissolves the silica 
separated by the sulphuric acid but also attacks the feldspar. 

They morco\er found that the finer giaincd the feldspar the more 
it was attacked. 

Again other attackable sandy minerals, which slandd not bo grouped 
with the hydrous aluminum silicate (the pure clay sul)stance) may be 
present. In the rational analysis, it is perhaps doubtful just how much 
mica is attacked by the acid treatment, and moreover iho different 
species of mica are not all equally affected. Muscovite is said to be but 
slightly decompo.sed, but for that matter the same has been said or 
assumed for feldspar. So whether it is decomposed or not, it is incorrect 
to place it with either clay substance or sand. But there are other 
micas which might be present, such as lepidolite, biotite, phlqgopite 
or even paragonite. Dana states that the first of these is not completely- 
decomposed, the second and third arc, and gives no data regarding the 
fourth.’'’ 

Some data on this point have, however, been furnished by Zschokke,** 
who tested two samples of finely ground mica with the following re- 
sults: 


%.3-12. 

^ (’ollectcd Writings, I, p. .51.3. 

^ Jour. Soc. Chem, Indus., Dec. 31, 1900, p. 1087. 
* Collected Writings, I, p. .53. 

^ Sy.steni of Mineralogy, 010. 

® Baumaterialienkunde, VII, 165, 1902. 
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Muscovite (faiul\ feuruginous) 



1 

11 

Average. 

Soluble in Tl(3 

18 04 

17 80 

18 22 

In.soluble in J1..;S(), .. 

42 01 

40 40 

41 10 

kSol. in hot cone 11.80, (b 

ydifi-.).. 38 7.") 

41.80 

40 08 


100.00 

100.00 

100.00 

Biotite 

(sTHO.\(;LY 1' ERUUGINOUS) 



I 

11. 

Average. 

Soluble in HCl 

77 73 

73.34 

7.''). 7)4 

Insoluble in IbSO, 

20 23 

18.78 

19.7)0 

Soluble in lljSO^ 

2.04 

7 88 

4.90 


100 00 

100.00 

100 00 


Since mica is quite diffia’ciit from kaolinitc in its [ihysical properties, 
it is important to keep tlie two separated in the rational analysis. 

Again, if the chiy is calcareous further trouble may arise. Lime 
carbonate might be present as coarse sandy grains acting as a non- 
plastic element, but by the usual method of rationally analy/ing clays, 
* it would go in with the clay substance; gone astray, all will admit. 

These very npparcmt (h'fects in the rational analysis led Buckley^ 
among t)thers to adopt tlu; following method for the Wisconsin clays, 
which ai'c usually impure and oftiai of a highly feldspathic character. 
“The feldspar and kaolinite w'(‘re calculati'd from the ultimate analysis, 
using the following percmitagc' .compositions of feldspar: K 2 t), 10.9; 
Akth, b^^-l; bSiOo, 01.7; and Na 2 (), ll.S; AEG.-j, 19.0; 0Si()2, 0S.7; 
and kaolinite as AljO.^, 09.5; 2Si02, 10.0; 2 H 2 O, 1 1; as given by Dana.^ 
“All the potash and soda were figured to feldspar. The alumina 
required for the fiddspar W'as (h'ducted from the total alumina, and the 
•difference was taken as the starting-point from which to figure the kao- 
linite substance. The difference bid ween the total silica (SiCB) and that 
required by both h'ldspar and kaolin gives the (piart/ and the silica in 
silicates other than those mentioni'd.’’ 

Binrifi,^ wliile apiu’oving of Buckley's suggestion, has iiointed out 
that in some clays the calculation method clearly does not apply, be- 
cause there is not enough silica present to supply both the i-eijuired 
amount for the feldspar (figured from the amount of potash present) 
and the clay substance demanded bv the balance of the alumina. He 

’ Wis. Ccol and Nat Hist Surv., Hull. 7, Pt. I, p. 207, 1901 

® Text-book of Mineralogy, pj). 371, .377, and 481. 

•Trans, Anier. Ceram. Soc., VIII, p. 19S. 
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shows that all of the alkali present is not necessarily an ingredient of 
feldspar, but may be free alkali held in the clay by adsorption, and re- 
movable by dilute hydrochloric acid. Experiments made by him 
showed that the less free alkali a clay contains the more it will absorb 
when allowed to do so. The amount of free alkali found in a seric's of 
clays examined ranged from to .22' ^,, while the quantity of 

potassium carbonate absorbed varied from .087% to .409% (Fig. 176). 



Fig. 17h . — Diagram sliovving percentage of solubie and absorbed salts in clays. 
(After Binns, Trans. Ainer. Ceram. 8oc., VIII.) 


There still remains to be investigated the degree of solubility of the 
several hydi'ous aluminum silic.ates, such as kaolinite, pholerite, halloy- 
site, etc., which may be present in the clay. 

A somewhat elaborate method of rational analysis was devised and 
used by Zschokke^ in his work on the Swiss clays. It is a combination 
of the mechanical and rational analysis, and was carried out somewhat 
as follows: 


Baumaterialienkunde, VII, p. 1G5, 1902. 
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A 50 gm. sample of clay was dried at 110® C., and then boiled 
for one half hour in water, replacing any of the latter lost by heating. 
This was then allowed to stand for 21 hours, after which it was washed 
onto a sieve of 4900 meshes per scpiarc centimeter, and washed until 
the* water ran through clear. Any lumps were broken up })y careful 
rubbing. The residue on the sieve consists of sandy particles of (juartz 
and feldspar, carbonates, gypsum, pyrite, etc. This was chieil and 
weighed and A. 

A is exaniiii(?d petrographically and then treated with 1:10 IICl on 
voter bath until the washings from it show no more lime reaction. Fil- 
ter, dry and weigh 

^ A — B = coarse ealcite, some gypsum and some iron. 

The fine material which passed through the sieve carries all the 
clay substance, and some very fine sand, calcite grains and iron oxide. 
This is dried and weighed and - C. 

Two to three grams of this is heated with HCl (1 :10) until the filtrate 
shows no lime reaction, then wash, dry and weigh = D. 

C — D ----- fine grained calcite, gypsum and iron oxide. 

The residue is then treated in accordance with the method of rational 
analysis. It is put in a porcelain dish with 25 c.cm. lIoO and 25 c.cm. 
cone. H2SO4, covered with a watch glass, and heated over a Hunsen 
burner until the white fumes begin to jiass ofT. After cooling, dilute 
with water, wash by decantation, and then boil first with NaOH (1:20) 
and then with HCl (1:10), repeating this treatment with these. The 
residue is transferred to a filter, washed with diluted HCl, ignited, and 
weighed = E. 

The combined results are tabulated as follows, the figures given being 
those of a brick clay. 


(tt) Ordinary mechanical analysis: 


Non-plastic constituents 51.42 

Clay substance (by cliff.) 48.58 


(h) Rational analysis: 

Quartz, feldspar, etc. (Insol. in IIjSO^) 

Determined from 
ultimate analysis 

Clay substance (by diff.). 


CaCOj 

Fe^Oj 

CaSO, 

CaO 


100.00 


58.0.5 
• .20 
4.74 
1.48 
.27 
,3.17 


67.91 

non-plastic 

constituents 


32.09 

100.00 
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(c) Combined chemical-mechanical analysis: 

Coarse sand (B) 38.02 \ ^ I 

Fine sand (E) .... 23.64 / I 76.29 

Coarse CaCOj, Fe^Oj, CaSO^ (A -B) . . 1.14 \ [ non-plastic 

Fine ditto (C — D) 12.60] ’ ' j 

Clay substance 23 71 

100.00 

He rightly observes that one may get a different per cent of clay 
substance by all three inctliods, but submits the combination method 
as the most satisfactory one. 

Method of Making Ultimate Analysis 

The methods whitdi work successfully in the ultimate analysis aro 
outlined below. For additional ones, or for all the details of manipu- 
lation, it is bettor to consult some standard work on analysis, as space 
forbids a conipk'te description of them all horc.^ 

Moidurc. — Two grams are heated in a ])latinum crucible at KKFC. 
until they show a constant weight. The loss is I'cported as moisture. 

Loss on hinilion. - ’V\\c. crucible and clay are heated to rediu'ss over 
a blast lamp until they show no further loss in weight. This loss 
represents chemically comlumul water, and if ])rescnt also carbon 
dioxide, sulphur trioxide and organic matter. 

Silica. — One gram of clay is mixed with 5 grams sodium carbonate 
and one quarter gram potassium nitrate, and brought to calm fusion 
over a blast lamp. The melt is removed from the crucible, heated with 
an excess of hydrochloric acid and evaporated twice to approximate 
dryness in a casserole or platinum dish. Dilute hydrochloric acid is 
then added, the solution brought to boiling and filtered. The silica 
is washed thoroughly with boiling water and then ignited in a platinum 
crucible, weighed, and moistened with concentrated sulphuric acid. 
Hydrofluoric acid is cautiously added until all the silica has disappeared. 
The solution is evap(jratcd to dryness upon a sand-b.ath, ignited, and 
weighed. The difference in weight is silica. *The residue may contain 
iron, alumina and titanium. 

Alumina. — The filtrate from the silica is acidified with hydrocl.loiic 
acid, brought to a boil, and ammonium hydrate added until the odor 

‘ See Hillebrand, Some Principles mid Methods of Rock Analysis, U. S. Geol. 
Surv., Bull. 176, 1900; Washington, Manual of the Chemical Analysis of Rocks, 
N. Y., John Wiley & Sons, 1904, 
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of it is perceptible. Boil, settle and filter. A solution of the precipitate ^ 
and reprecipitation is desirable. Wash the preci[)itate until free from 
chlorides, ignite and weio;h as Al^O.^, and TiOo. The last two 

are later determined separately and deduct(>d from above total weiojht. 
* h crric Oxide. 1 othe i^nit(Ml precipitates of alumina and t('rric oxides 
add 5 to 10 grams coarsely powdered acid potassium sulphale. Heat 
gently until the salt is fused, and keep it so for about an hour at a gentle 
heat, and another hour at a higher heat, until all the pixa-lpitate has 
dissolved. Cool. Dissolve in about 150 cc. hot water to which about 
10 cc. of concentrated sulphuric acid has been added. 

Filter to remove any silica that may be present. The filtrate con- 
tgiins the iron in the ferric state. It is reduced with zinc, oi’ better, 
hydrogen sulphide, and titrated with potassium permangaiiate. 

Titanic Oxide . — 'the solution for the iron titration is ('vaponited to 
about 150 c.c. Hydrogen dioxide is added to an arnpiot part, and the 
tint compared with that obtained from a standard solution of titanium 
sulphate. 

CaUiavi Oxide, — Tlu^ filtrate from the precipitate of iron and alumin- 
ium hydroxides is conc(ai(rated to about two hundred cubic centimeters, 
and .the calcium preci[)itated in a hot solution by adding one' gram of 
ammonium oxalate. The precipitate is allowed to settle during t.welvo 
hours, filtered, and washed with hot water, ignited, and wcaglu'd as cal- 
cium oxide. When the calcium is present in notable amounts, the oxide 
is converted into the sulphate and weighed as such. 

Magnesium Oxide . — The filtrate from the calcium oxalate ])rocipitate 
is concentrated to about one hundred cubic centimeters, cooled, and the 
magnesium precithtated by means of hydrogen disodiurn phosphate in 
a strongly alkaline hydroxides solution. The magnesium ammonium 
phosphate, after standing overnight, is caught u[)on an ashless filter, 
washed with water containing at least five })or cent ammonium hydrox- 
ide, burned, and Aveighed as magnesium pyrophosphate. 

Sulphur (total present), — The sulphur is determined by fusing one- 
half gram of clay with a mixture of sodium carbonate, five parts, and 
potasvsilim nitrate, one part. The melt is brought into solution with 
hydrochloric acitl. The silica is separated by evaporation, heating, re- 
solution, and subsequent filtration. Hydrochloric acid is added to the 
filtrate to at least five per cent, and the sulphuric acid is preciiiitated 


» Use cone, HNOj. 

* These can he weighed in Svime crucible containing residue from hydrofluoric 
treatment of silica. 
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by adding barium chloride in sufficient excess, all solutions being boil- 
ing hot. The barium sulphate is filtered off and washed with hot water, 
burned, and weighed as such. 

Ferrous Oxide is determined by fusing one-half gram with five grams 
sodium carbonate, the clay being well covered with the carbonate, the 
top being upon the crucible. The melt is dissolved in a mixture of di- 
lute hydrochloric and sulphuric acids in an atmosphere of carbon diox- 
ide. The ferrous iron is determined at once by titration with a standard 
potassium permanganate solution. * 

Alkcdies . — About .5 grams of finely ground clay are mixed with about 
4 grams calcium carbonate and about .5 grams ammonium chloiide. 
The mixture is thoroughly ground together and then transferred to a 
platinum crucible, with cover. Heat over a low frame for about ten 
minutes or so until no more vapors of ammonia or ammonium chloride 
are given off. Then continue the heating over nearly the full flame of 
a Bunsen burner, kee{)ing the lower third of the crucible heated to red- 
ness. After heating three-(iuarlors hour, cool, and soak the cooled 
crucible in water sufficient to slake the quicklime. Transfer contents 
of crucible to a platinum dish, break up with agate })estle, and* boil 
gently for a few minutes. Wash by decantation, boiling each time, and 
run wash water as well as solid matter from dish onto a filter. Wash 
with hot water. 

To the filtrate add some ammonia water and boil. Then add 50 c.c. 
water containing 1.5 to 2 grams ammonium carbonate, and boil. Al- 
low precipitate to settle, filter, and wash with hot water until there is 
no more reaction for chlorine. The volume of the filtrate should be 
400 to 500 c.c. Evaporate down to 50 c.c. on water bath, transfer to a 
platinum dish and evaporate to dryness. Cover with watch glass and 
heat gently on sand bath, avoiding decrepitation. When ammonium 
chloride vapors begin to appear, raise the heat a little and continue until 
the watch glass and sides of basin are covered with ammonium chloride. 
Remove the cover, and drive off the ammonium chloride by heating 
sides of dish, after which heat the bottom. Add water to dissolve the 
chlorides, and if any sulphides are present, add a drop of barium chloride 
to precipitate the sulphur. Then add a few drops of ammonium car- 
bonate to })recipitate the excess of barium and lime. Evaporate to 
dryness. Add 2 to 3 c.c. of water and filter into a weighed platinum 
crucible. Add a drop of hydrochloric acid to the crucible and evaporate 
to dryness on water-bath. When dry, heat the covered crucible over 
a small flame until ammonium chloride is driven off. Then uncov^ir 
and heat. Cool, weigh and get combined weights of NaCl and KCl. 
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Add 5 or 10 c.c. water to dissolve the elilorides, and if there is no 
insoluble matter requiring (iltering, add potassium platinie chloride, and 
evaporate to a syrupy consistency on the water bath. Add alcohol, 
and filter through a Cooch crucible. The precipitate is thoroughly 
Washed with S0% alcohol, dried vat 100° C. and weighed. 

The poLassium platinie chloride, multiplied by .1030, gives Ivjtbor by 
.307 to get KC3. The weight of the latter can then be deducted from 
the mixed chlorides to give NaCl, which, multiplied by .5308, gives 
NasO. 

Method of making Rational Analysis 

This may be m.ade in .several ways, two of which are given. 

1. The first consists in separating the “insoluble residue'’ in the 
clay, as follows: Two grams of the material are digested with twenty 
cubic centimeters of dilute sulphuric acid for six or eight hours on a 
.sand-bath, the excess of acid beitig finally driven off. 

One cubic centimeter of concentrati'd hydrochloric acid is now added 
and boiling water. The insoluble portion is filtered off, and after being 
thonnighly washed with boiling water is digesteil in fifteen cubic cen- 
timeters of boiling sodium hydroxide of ten per cent strength. Twenty- 
five cubic centimi'ters of hot water are added and the solution filtered 
through the same hlt('r-pa[)cr, the residue being washed five or six 
times with boiling water. The residue is now treated with hydrocliloric 
acid in the same manner and washed upon the filter-pajier, until free 
from hydrochloric acid, is burned and weighed as imsoluble residue. 

The alumina found in the portion insolubles in sulphuric acid and 
sodium hydroxide is multiplied by 3,51. This factor has been found to 
represent the average ratio between alumina and silica in orthoclasc 
feklspar; therefore the product just obtained represents the amount of 
' silica that would be present in nndecomi)osed feldspar. The sum of 
this silica with the alumina, ferric oxide, and alkalies eipiaJs the “feld- 
S})athic detritus.” The difference lietween silica as calculated for feld- 
spar and the total silica in the iirsolublc portion rcprc.sents the “quartz " 
or “free sand.” The difference between that portion of the sample 
insoluble in sulphuric acid and .sodium hydroxide and the total repre- 
sents the “clay substance.” 

2. A second method, and one u.scd in (lermany,’ is conducted as fol- 
lows: 

After five grams of clay are weighed and placed in a 200 c.c. Erlen- 


' ];adcnburg, Haiidworlorlnich dcr Chomie, 12, p. l.'i. 



7G 


CLAYS 


meyer flask, 100-150 c.c. of water and 2 c.c. of sodium hydrate are 
added, and the contents boiled, covering tlie flask with a small glass 
furmel. The contents of the flask are allowed to cool, and 25 c.c. of 
sulphuric acid is added. Continue the boiling until tks fumes of the 
acid begin to be driven off the flask. • • 

As a result of the reactions which have taken place the calcium 
carbonate has been changed to calcium sulphate, the aluminum silicate 
has been (jonverted into aluminum sulphate and silicic acid, while the 
quartz and feldspar remain. Water is added to the fla^isk and most of 
the sulphuric; acid and aluminum sulphate washed out of the residue by 
decantation. 

In washing by decantation the water which is decanted should be 
placed upon a filter-paper, for the reason that, should any of the residue 
be removed from the flask, it can be returned by making a hole in the 
filter and washing back into the flask. 

After washing by decantation the contents of the flask are treated 
with hydrochloric acid (100 c.c.) and boiled. Decant off the liquid and 
add sodium hydroxide (100 c.c.), boil and decant. Repeat the above 
process with hydrochloric acid and sodium hydrate. The residue is- then 
transferred to a filter and washed with dilute hydrochloric acid (1 to 
20). The filter with contents is transferred to a platinum crucible 
and weight determined. 

The (;ontents of the crucible are treated with a few drops of sul- 
phuric acid and small quantities of hydrofluoric acid, evaporated to 
dryness in the water-bath, ignited, weighed, and from the loss calculate 
and determine aluminum, iron, etc. Trom the aluminum found in th^* 
residue the feldspar is calculated, 1 part of alumina (aluminum oxide) - 
5.41 of feldspar. 

MINERAL COMPOUNDS IN CLAY AND THEIR CHEMICAL EFFECTS 

All the constituents of clay influence its behavior in one way or another, 
their effect being often nf)ticeable when only small amounts are present, 
Their influence can perhaps be best discussed individually. 

Silica 1 

This is present in clay in two different forms, namely, uncombined 
as silica or quartz and in silicates, of which there are several. Of 
these one of the most important is the mineral kaolinite, which probably 


* See also description of the minerals quartz, feldspar, kaolinite, and mica above. 
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occurs in all clays, and is termed the clay base or clay substance. The 
other silicates include feldspar, mica, glauconite, hornblende, garnet, etc 
These two m(xles of occurrence of silica, however, are not always dis- 
tinguished in the ultimate analysis of a clay, but when this is done they 
ate commonly designated as “free ” and “combined” silica, the former 
referring to all silica except that contained in the kaolinite, which is 
indicated by the latter term. This is an unfortunate custom, for the 
silica in silicates is, properly speaking, combined silica, just as much as 
that contained in kaolinite. A better ])ractice is to use the term sand 
to include quartz and silicate minerals other than kaolinite, which are 
supposedly not decomposable by sulphuric acid. Tu most analyses, 
hewever, the silica fi'om both groups of minerals is expresscal collect- 
ively as “total” silica. 

The percentage of both quartz and total silica found in clays varies 
between wide limits, as can be seen from the following examples. W heeler 
gives a minimum ^ of 5 per cent in the flint-clays, and the sand percentage 
as 20 to 43 per cent in the St. Louis clays, and 20 to 50 per cent in the 
loess-clays. Twenty-seven samples of Alabama clays analyzed by the 
writer contained from 5 to 50 per cent of insoluble residue, mcistly qimrtz.2 
In se^^enty North Carolina clays^ the insoluble sand ranged from 15.15 to 
70.43 per cent. 

The following table ^ gives the variation of total silica in several 
classes of clays, the results being obtained from several hundred analyses: 


Amount of Silc’v ix Clays 


Kind of fl, IV. 

IVr cent of ((>(al silica. 

Min. 

Max. 

Aver. 

Tlriplr-plAVs 

:m.35 

45.06 

34.40 

:i2.44 

90.877 

86.98 

96.79 

81.18 

59.27 

45.83 

.54.304 

55.44 

Pottery-clays 

pire-clays 

Kaolins 


The free silica or quartz is one of the commonest constituents of clay, 
and ranges in size from particles sutliciently large to be visible to the 
eye down to the smallest grains of silt. 

With the exception of kaolinite, all of the silica-bearing minerals 

' Mo. Geol. Surv., Vol. XI, p. .54. 

* Ala. Geol Snrv., Bull. 6,1900. 

»N. C. Gcol. Siirv., Bull. 1.3, p. 24, 1898. 

‘Bull. N. Y. State Museum, No. 35, p. 525. 
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nicntionod above are of rather sandy or silty character, and, therefore, 
(heir effect on the plasticity and shrinkage will be similar to that of 
quartz. In burning the clay, however, the general tendency of all is to 
affect the shrinkage and also the fusibility of the clay, but their behavior 
is in the latter respect more individual. 

Sand (quartz and silicates) is an important antishrinkage agent, 
which greatly diminishes the air-shrinkage, plasticity, and tensile strength 
of clay, its effect in this respect increasing with the coarseness of the 
material; clays containing a high percentage of very finely divided sand 
(silt) may absorb considerable water in mixing, but show a low air- 
shrinkage. The brickmaker recognizes the value of the effects men- 
tioned above and adds sand or loam to his clay, and the potter brings 
about similar results in his mixture by tla^ use of ground-flint. 

It is thought by some that because of the refraeforiness of quartz its 
addition to any clay will raise its fusion-j)oint, but this is true only 
of those clays containing a high percentage of common fluxes and silica 
and which arc burned at low temperatures, its effect on highly alum- 
inous low-flux clays reduces their refractoriness. 

In coricidering the effects of sand in the burning of clays, it'’must 
be first stated that the (piart-z and silicates fuse at different ten^pera- 
tures. A very sandy clay wall, therefore, have a low fire-shrinkage as 
long as none of the sand-grains fuse, but .when fusion begins a shrinkage 
of the mass occurs. We should, therefore, expect a low fire-shrinkage 
to continue to a higher tein[)erature in a clay whose sand-grains are 
refractory. 

Of the different minerals to be included under sand the glauconite 
is the most easily fusible, followi'd by hornblende and garnet, mica (if 
very fine grained), feldspar, and (]uartz. The glauconite would, there- 
fore, other things being eijual, act as an antishrinkage agent only at low 
temperatures. Variation in the size of the grain may affect these results, 
but this point is discussed under Fusibility (Chapter 111). 

The following tests give interesting data on the effect of quartz on 
clay. 

F. Krage,^ after experimenting with a scries of mixtures made up of a 
blue clay (fusion point = cone 84), and a red clay (fusion point==conc 6), 
each mixed with (piartz sand grains of different degrees of fineness and 
burned to cones OS, G, and 14, drew the following conclusions: 


’ Der Einfhiss dcs (^larzcs von venschiedeuer Korngrossc aiif cinen feuerfesten 
und cinen nicht feuerfesten Ton, Tonindus -Zeit., XXXII, No. G7, p. 934, 1908. 
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1. The finer the texture of the quartz sand. 

a. The more water required for tempering. 

b. The s lower the clay must he dried. 

c. The higher the air and fire shrinkage. 

d. The lower the porosity of the mass. 

€. The lower the })ermeal)ility of the mixture. 

/. The higher the tensile and crushing strength. 

g. The higher the refi’actoriness. 

h. The*lighter the color of the !)urned ware. 

i. The less the ware is able to withstand rapid changes of 

temperature. 

/. The morci complete the tluxing between clay and quartz. 

2. The gi'cater the percentage of cpiart/ sand added. 

a. The smaller the amount of wat(‘r ixapiircd for mixing. 

b. The more rapidly tlu*, clay can be dried. 

c. The lower the air and tii-e shriid^age. 

d. The lower the porosity in soft burned pieces, and the higher 

the [>orosity in harder bui-iual ones. 

• e. The greater the ])ermeabili1y of the mass. 

. /. The lower the tensile and crushing strength. 

g. The higher the refractoriness. 

h. The lighter the color aftei' burning. 

i. The better the ability to withstand rapid temperature 

changes. 

It is unfortunate that the investigator did not carry his tests to 
higher cones, as the refractoriness would have shown a falling off. 

Hydrous silica.^ — From the observations of W. H. Zimmer - it would 
appear that some kaolins carry hydrated silicic acid. In a kaolin of the 
cemposition: 

Silica (SiOo) 57.00 

Alumina (AUO.)) 24.85 


Ferric oxide (Fe^O;}) 25 

Lime (CaO) 05 


Water (H 2 O) 17.81 

he found that the rational analysis showed only 0.05 per cent not de- 
composed by sulphuric acid, which would lead one to suppose that the 
clay was a pure kaolin. The analysis, however, disproved this, and led 
to the conclusion that there must be free hydrated silicic acid. Ilis 


‘ In this connection see also chapter on fullers earth. 
® Trans. Anier. Ceram. 80 c., Ill, p. 25, 1901. 
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experiments w\tK t\\\s clay, and with artificial mixtures containing silicic 
acid, showed that the presence of any important quantity of free hy- 
drated silicic acid in a clay tends: 

1. To produce an increase of translucency over that obtained where 
the silica used is all quartzitic at equal temperatures; 2, to bring about 
an improvement in color; 3, to increase the shrinkage both in air and in 
fire; 4, to produce a lowering of the temperature at which vitrification 
occurs; 5, a tendency to warp in drying; 6, a tendency to form a hard 
coating on the surface of the clay or ware, due to the depbsition of H 2 Si 03 
from water used in making wares plastic. 


Iron Oxide 

Sources of iron oxide in clays.— Iron oxide is one of the commonest 
ingredients of clay, and a number of different mineral species may serve 
as sources of it, the most important of which are grouped below: 

Hydrous oxide, limonite; oxides, hematite, magnetite; silicates, 
biotitc, glauconite (greensand), hornblende, garnet, etc.; sulphides, 
pyritc; carbonates, siderite; sulphate, melanterite. 

In some, such as the oxides, the iron is combined only with oxygen, 
and is better [irepared to enter into chemical combination with other 
elements in the clay when fusion begins. In the case of the sulphides 
and carbonates, on the contrary, the volatile elements, namely, the sul- 
phuric-acid gas of the pyrite and the carbonic-acid gas of the siderite, 
have to be driven off before the iron contained in them is ready to enter 
into similar union. In the silicates the iron is chemically combined with 
silica and several bases, forming mixtures of rather complex composition 
and all of them of low fusibility, jiarticularly the glauconite. Several 
of these silicates arc easily decomposed by the action of the weather, 
and the iron oxide which they contain combines with water to form 
limonite. This is usually in a finely divided condition, so that its color- 
ing action is quite effective. 

The range of ferric oxide, as determined from a number of published 
clay analyses, is as follows: ^ 

Amount op FKimic Oxidk in Clays * 

Kind of clay. Min. Max. Aver. 

Brick-clays 0.126 32.12 5.311 

Fi re-clays • Q 01 7.24 1 . 506 

‘ Bull. N. Y. State Museum, No. 35, p. 520. 

' Th(; {lercentiiKc of is rarely determined in the ultimate analysis of 

clay, but it always should he. 
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Effects of iron compounds.- Iron is jlio rolorinii: n^;ont of bolli 
burned jind luiburiied cln^s. Jf jiiso .s(T\e ns a ilu.\ aijd (‘\eji all'ect 
the ;ibsorj)tioii and shrinkage of tli(‘ material. 

foloring act on of iron in unburncd clay. iManv clays show a yi^llow 
or I)rown coloration (lu(‘ to the iiresimci* of limomii', and a rod coloration 
due to lieinatiti*; magnotiti' is rarcl\ |>r('S‘'nt in siiHicient (jiiaiitity to 
color the clay; sidm'ik' or pyrit(‘ may color it gray, and it is probable' 
that the green c^ilor of many clays i.s (-aiise'd lo llu' pre.se'iici' of silicate' 
e)f iron, this being sjiee'ially true' of glauconitic ones d’iie' mte'iisity of 
color IS not always an inelie*ation of the amount ef iron pre'sent, since 
the same ejuantity of iron may, for example', color a sandy clay more 
intensely than a hne'-graine'd one', provide'd liolh are* ne'ailN free' Irom 
carbonaceous matter: the' latte'r. if prcse'iit m sulhcie'iit eiuanlity, may 
even mask the' iron coloration c('mpl('l('l> . d'he' coloring action will, 
more'ove'r, be ('ffe'ctive' only whi'ii the non is ('\enly distribule’d throii^'li 
a e'lay in an extremely line' form. It is probabli' that the' limomle' color- 
ing clays is presi'iit in an amorphous or non-cr\stalline' form, and loims 
a coating on the' surface of the' grains. 

• Coloring action of iron oxide on burned clay.'— .Ml of I he iron oivs 
will in burning change' to the' ri'd or lerrie oxide', provide'd a siilfieie'iit 
sufiply of oxygen is able* to e'lite'r the' pore's of the' e-lay be'tore' it is \’il- 
rifieel; if \itntlcation eu'e-iirs the' iron ejxiele- ente-rs into the formation eif 
silie'ates of e'omple'X e'emiposition. The* e-olor and ele'|ilh of sliaele- pro- 
eliK'e'el by the iron will, howe've'r, ele'pe'iid on (iisl. the' amount of iron 
in the clay; .se'e'onel. the* te'iiipe'rat lire' of binning, Ihirel, e'oiielition of the' 
iron ox'ieie, and fourth, the' e'ondition eef the' kiln at iiiosphe're'. 

C'lay free from iron oxieh' bin ns white'. If a small epiaiilitw say 
1 per e*ent, is pre'.se'nl. a. slight I v \e'llowish tinge' nia> be* mijiarli'd to the* 
.burne'el material, but an ine-re'ase' in the' iron e-eaite'iits to 2 or 2 pe'r ea'iit 
eiften proekie-e's a buff proelue*t, w Ink' 4 or o pe-r ea'iit of iron eixidi' in many 
cases make's the e-lay burn ivd. ddie're .se'e'in. heiwe've'r, to be- not a fe'w 
exe'eptions to t he abovei state'Uie'nts. 'riius we' tniel that the' w liitc-burnmg 
clays cai'ry fremi a few hunelre'dihs |)e'r e-e'iit to o\e'r ] pe-r e-e'iit ol iron 
Oxiele,“ the more ferruginous e-emtaining more' iron than the' pure'r graeh’s 
of bufT-bu riling clays. .Again, amemg the' buff-burning clays we' find 
some with a.n iron-oxiele e'onte*nt of 4 eir o per e'e'iit, an amount e'lpial to 
that contained in some reel-burning enuxs. 

The facts would there'tore .^e'eni to inelie'ate that the color of the 
burned clav is not influene'eel seilely by the ejuantity of irein pre'sei^, 

' 8e(i also color of fairiie'd clay, p 1<*I 

^Seger's Collected \Vriting.s, Translation, 1, p 109, also Orton, 'rr-ans Anier. 
Ceram. Soc., V, p. 480, 
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Seger has divided the biifT-hiirning elays into two groUjis, naiiu ly, 
(1) those of siieh high iron contents as to burn red norinally, i)iit w Inch 
are sulliciently calcareous to enal)le the lime to destroy the iid iron color 
and form a yellow com])ound of iron and lime, and (2) those low in iron 
and high in alumina, which would normally burn pale red, but develop 
a yellow color due to the formation of an alumina-iron compound. He 
thus believes that the red coloration of the iron is destroyed by similar 
caus('s, but on account of the lime being a stronger or .more active base 
than lh(‘ alumina it is tible to take care of a greater quantity of iron. 

Orton' has argued against the effect of alumina, claiming that if 
this were true synthetic mixtures should easily give the buff color which, 
in his exp('rience. it is not })o.ssible to produce. As he states, there Is a 
gnait. uniformity in the color of buff-burning clays, while their iron- 
alumina ratios fluctuat(‘ greatly; some tire-clays conbiining 40 ])er cent 
of alumina and 0.5 p('r c(‘nt iron, and yielding a good buff product, while 
others with 15 to 20 per c('nt alumina and 2.5 i)er cent iron burn to 
almost exactly the same tint. On the other hand, some clays with about 
the sanu' almnina and ii-on conbmt burn red. If Orton is correct 
it would seem, therefore, as if the cau.Sv* of this buff-burning quality 
must be .sought for in .some other direction. 

The ev('nness (;f color is ap})arently clo.sely connected with the physi- 
cal condition of the iron oxide, that in colloidal form giving a uniformity 
of shade not obtainable by the admixture of very tinely ground material. 

If a clay is heated at succc'.ssively higher temperatures, it is found 
that, other things being equal, the color usually deepens as the tempera- 
ture ri.ses. Thus, if a clay containing 4 per cent of iron oxide is buriud 
at a low t(‘m])eralure it vill be pale red, and harder firing will be necc.^- 
sary to devidop a good brick red, which will pass into a deep red and 
then reddish jnuple. 

Seger explained the successive shades of red by a.ssuming that the 
iron oxide increased in density with rising temperature. 

The brilliancy of the color appears to be influenced by the texture, 
as the more .sandy clays can be heated to a higher temperature, without 
destruction of the red color, than the more aluminous ones. Alkalies 
also appear to diminish the brightness of the iron coloration.^ 

.Among the oxide.- of iron two kinds are recognized, known re.spec- 
tively as the ferrous oxide (FeO) and ferric oxide (Fe^O;}). In the former 


‘ Tran.s. Amcr. Ccrani. Soc., V, p. 3S0, 190.3. 

^ Ric.s, N. Y. State Mii.s., Rull. 3.5, .515, 1900; Orton, Tran.'?. Amer. Ceram. Soc., 
V, p. 414, 1903. 
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we see one part of iron united with one of ovy^^en, while in tlie lattc'r 
one part of iron is coinbined with one and one-half parts of oxygen. 
The ferric oxide, therefore, contains more oxyjfen })er unit of iron than 
the ferrous salt, and represents a higher staj»:e of oxidation. In the 
limAnite and hematite the iron is in the ferric form, representin'; a Iu^Ikt 
stage' of oxidation. In magnetite Loth ferrous and ferric iron are pn'stmt, 
but in siderite the ferrous iron alone occurs. In tlie ultimate analysis the 
iron is usually deteriinned as ferric ovide, no effort being mad(' to find 
out the cpiantity*present in the ferrous form, although if tla're is any 
reason to suspect that much of the latter exists it should be deb'rmined. 
Iron passes rather readily from the ferric to the ferrous form. It also 
oxidjzes easily unless carlxni and sul[)hur are j)resent, in which cas(' its 
oxidation is not possible until these two ^ub^tan(•es ha\ebe('n oxi<li/'ed. 
Indeed they ai’C sometimes sui)|)rK‘d with oxygen at the exjuaix* of the 
iron, which may be left in a h'rrous, magiu'tic, or (wen spongy, iiK'tiillic 
condition (Orton) so if there is a (l(‘ficit ofoxygen in the in^ideof the kiln 
the iron does not get enough oxygi'u and lla* ii'rrous compound results, 
but the latter changes ra])idly to the ferric (‘ondition if siifficu’id air 
carrying oxygen is admitU'd. If, ho\\(‘\ei‘. th(‘ oxidation of the iron 
does not l.)Cgin until th(‘ clay has become so dense as to prev('n1 fi-ee 
circulation of the air through it, then it may form ferrous silicates, which 
impart black or dark colors to tlui clay.- 

There is conse([uently a lu'cessity for recogni/itig these two hams 
of iron oxide because th(*y afha't the cohtr of the clay differently. 
Ferrous oxide alone is said to produce a green color when limned, while 
ferric oxide alone may giv'e pui'ple or red, and mixture's of the two ]»ro- 
ducc yellow, cherry red, violet, blue, and black.'^ 

Segor^ found that comlmiations of ferric* oxide with silica ])ro(luced 
a yellow or red color in the burned clay, ^^e may thus get a variation 
in the color pi'oduced in burning clay, depending on the character of 
oxidation of the iron or by mixture's of the two oxides.*'* 

Moreover, in the burning of h'rruginous clays it is usually desiralile 
to get the iron thoroughly oxidized to prevent trouble in the later stages 
of burning. To accomplish this the iron must be freed of anysulj)hur 
or carl)on dioxide which may be combined with it, and other volatile 

' Third Report Cominittee on Tcclinical Investigation Indianapolis, 19()S. 

^ Sec also Tonindiis, Zeit., No. 90, p. 14:V2, 1903, Trans. Eng. C'erain Soc., II, 
p. 100 (Quoted by Orton, 1. c.) 

® Keramic, p. 250. 

* ^Notizblatt, p. 16, 1874. 

® See “ Flashing of Brick,” under Burning. 
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O’’ coinhiistihlo olomonts in the clay must he driven off, so as to allow 
th(i oxidizing gnsos to enter the clay and unite with any ferrous iron 
that may 1)0 present. 

Sulphide of iron ((lyritc) loses half its sulphur at a red heat, and the 
balance will, under oxidizing conditions, pass off probably by 90(r C., 
wliil(‘ sidt'i'itc or ferr(»us carbonate loses its carbon dioxide between 400^^ 
and (\; magnesium carbonate and calcium carlionatc lose their 
('O^ at about oOtr (^‘ and S0(f to tlOtr C. respectively. Carbonaceous 
matt(‘r or sul{)iiur if present, must also be cai’ofully bdrncd off. If the 
clay contains much volatile or combustible matter the burning must 
])roce(‘(l slowly below 1()()()° C., in order to remove it and allow the iron 
to get oxidized while the day is still t)orous. 

Aft('r oxidation th(‘ clays will show a moi-e brilliant ii’on color than 
they do at the end of the dehvdiation period. They arc also harder 
and show’ a slight decrease in volume. 

If the day has be(m improp(Miy oxidized it shows later w-hen vitri- 
fication is reached, by the dai’k ferrous silicate cores in the center of the 
brick. This may form, however, w'ithout (he development of any sw^ell- 
ing.“ ^^'hen swellingyhK'.^ accompany the formation of this blackcorc, 
it is to !)(' trac('(l to sulphur. 

iMiie-graitu'd cla\s arc* more dillicult to oxidize than coiirse-grained 
on(*s, bectiuse of the small size* of their j’ores, and grog is, therefore, 
added at times to open the grain of the material. 

(h (\ Mat*^on^ caiiK* to the conclusion that if ferruginous days are 
biirtu'd to viscosity in an oxidizing atmosphere, that the ferric oxide 
does not tend to reduce to a f(*rrous form, as some havQ believed. 

Since the stage* of oxidation of the iron is dependent on the quan- 
tity of air it I'eceives duiing burning, the condition of the kiln atmos- 
pneie is of great importance*. If there is a deficiency of eexygen in the 
k'ln, so that the^ iron oxide*, if present, is reduce*d te) the ferrous condition, 
the* fire is said to be rcdKcinr/. If, on the contrary, there is an excess of 
oxygen, so that IVrrie* oxides are formed, the tire is said to be oxidiz- 
inif. Tlu’se various conditions arc often used by the^ manufacturer to 
produce e‘e*rtain shade*s oi’ e’olor-etTects in his ware. 4'hus, for example, 
the manufae'turer of flasheul brick proelue;es the beautiful shading on the 
surface of his product by having a reducing atnmsphere in his kiln fol- 

' Ikill’s work caletl iiiuler nuigncsia show that some of the CO., may pass off 
earlier. 

^ Orton and Staley, Third Report of Committee on Technical Investigation, 
Indianapolis, 1908. 

’Clay Worker, July, 1904, 
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lowed by an oxidi^iuq one. 'I’he potler aims 1<» reduce the yellow tint 
in his whito ware by eoolinjjj the kiln as <iuickly as possible to prevent 
the iron from (txidizin*;. 

fluxing action of iron oxide. -Iron oxide is a fluxing im))urity, low- 
ering the fusing-[)oint of a clav, and this (‘ffect will Ik* more j)ronounced 
if the ii‘on is in a ferrous condition or if silic'a is pres(mt. 

Wheeler, in his work on the Missouri cla\s, foimed theo])iniou that 
ferrous iron j)i-odyces fluxing action about lot)" UOt)" k. lowin' th;m lei'i'ie 
iron, wliereas Oiton and Stah'v, in tluar work referreil to above, fail'd 
to find that any such great, dillerimce (xxisli'd, althogh some was 
noticeable,^ 

^’ul■dy and DeWolf, on the othi'i hand, mi'iition tin* case of a clay 
which fused tt) a globuk' ;it coni' Ki under ri'ducing conditions, but in 
an oxidizing fire did not fuse to a be.-id until cone 2(1.- 

In burning a clay at low temperal ui'es the hydrous feri'ic oxide 
(limonile) loses its water of h\ drat ion. 1 li'at ing t he clay to vitrification 
in a I’educing atmosphere is behevnl to jiroihice a lei rous silicate, w hich 
is .seim^on tlu' brown, black, oi' greenish glass\ portion of the surfaci’ of 
paving-brick and ungla/i'd sewer-pipe.'^ When well-vitrilied bricks 
show a red color it is thought by some that the iron oxide is merely 
dissolved in the vitrified mass .and has not entered into combination, 

A low iron content is, therefore, desirable in refractoiy clays, and 
the average of a number of analyses of tl ese shows it to be 1 M per cent. 
Brick-clays, which are usually easily fusible, contain from to 7 pi'r cent 
of iron oxide.’ 

Effect of iron oxide on absorptive power and shrinkage of clay. — 
So far as the writer is aware no exjx'iiments have been made to disi^ovcr 
the increased absorptive ])ower of a clay containing hmonite, although 1 he 
>lay soils show that the puantity of water absorbed is greater wit h limonite 
present. Senfft believes that it. inliir'iices th<' powc'rol clay for ab- 
sorbing both gases and solutions.-'* This greater absorptive power may 
be accompanied by an increased shrinkagi'. 'Flie fire-shrwdvage might 
dso be great, because of the increased lo.ss of combined water due t.o 
die presence of limonite.*' 

^ They quote Wheeler figures as 200^^ ( ’ , iiiste.ul of 200° K., which is about 1 f 1° C. 
>111. Geok Kurv., Hull. 4. p l.YS, 1007. 

•la, Geol. Surv , XIV, T)!), 1004, 

•Many fire-brick of good refractoriness .sliow as much as 2 or per cent Fe,0i, 
•Thon.suh.stanzen, Berlin, 1879, p 21 
® .isee tests under Fire-shrinkage, Gliap III. 
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Lime 

Lime is found in many clays, and in the Io\v-fi;rade ones may be present 
in large quantities. Quite a large number of minerals may serve as 
sources of lime in clays, but all fall into one of the three following groups: 

1. Carbonates. Calcite, dolomite. 

2. Silicates containing lime, such as feldspar and garnet. 

3. Sulphates, (lypsum. 

Whenever the ultimate analysis of clay shows several })er cent of 
lim(3 (CaO) it is usually there as an ingredient of linu^ carbonate (CaC 03 ), 
and in such cases its i)res(mce can be easily detected by putting a drop 
of muriatic acid or vinegar on the clay.^ When i)rescnt in this form it is 
apt to be finely divided, although it may occur as concretions or lime- 
stone pebbles, or as cylindrical bodies along rootlets. 

The feldspars are the commonest source of lime among the silicateSi 
oligoclase and anorthite being the usual lime-bearing varieties, but the 
amount of lime present in silicates is usually very low. 

When lime is present as an ingredient of silicate minerals, such as 
those mentioned above, its presence cannot be detected with muriatic 
acid. Gypsum, which is found in a f(‘w clays, is often of secondary char- 
acter, having been formed by the action of sulphuric acid on lime-bearing 
minerals in the clay. Since these three groups of niiiKTals behave some- 
what differently their effects uill be discussed separately. 

Effect of lime carbonate on clay.— Litne is probably most effective 
in the form of the carbonate, and if finely divided is an active flux. When 
clays containing it are Inirned, they not only lose their chemically com- 
bined water but also their carbon dioxide; but while the water of hydra- 
tion pjisses off between 450° C. (S42° F.) and 000° C. (1112° F.) the car- 
bon dioxide (CO 2 ) does not seem to go off until between 600° C. (1 112° F.) 
and 725° 0. (1562° F.). In fact, it more probably passes off between 
850° G. (1562° F.)2 and 900° G. (1652° J^\). The result of driving off 
this gas, in addition to the chemically combined water, is to leave cal- 
careous clays more porous than other clays up to the beginning of fusion.^ 


‘ See Minerals v.\ Olay, Oalcite. 

^Bourry, Treatise on Ceramic Industries, p. 103; also Kennedy, Trans. Amer. 
Ceram. Soc., TV, p. 1 10. 

'‘8f)i»e bricks made from calcareous clays and burned at cones 1 to 3 show 
over 30 per cent absorf)tion. 
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If the burning is carried only far enou^li to drive off the cjii‘boiii(^- 
acid gas, the result will be tliat the quicklime Ihus formed will absorb 
moisture from llu' air aiivi slake. No iniurv may result fnuu this if the 
lime is in a finely divided condition and uniformly <listribut('d through 
thqJjrick, but if, on the cojitrarv, it is present in the form of lun‘j)s. Ili(‘ 
slaking and accompanying swelling of Ihese may sj)lit the brick. 

If, how'ever, the temperature is raiscnl higluu* than is napiin'd simply 
to drive off the carlxin dio\id(\ and if some of tin* mineral partick's soflmi, 
a chemical reacti*)n begins l^etween the lime, iron, and some of tla* silica 
and alumina of the clay, the result laung the formation within the clay 
of a new sili(*ate of very comjilex composition. The effects of this com- 
bination are several: In the first jilace, th<‘ linu' tmals to destroy the 
red* coloring of the iron and imp.arts instead a buff color to tlu' burned 
clay. Soger found that this bleaching action, if we may call it such, is 
most marked when tlie per<‘entage of lime is threi* times that of the 'ron 
It should be renuanbered, howi'ver, that all buff-burning clays an* not 
calcareous, and that a clay containing a low p(‘rc('ntag(; of iron o\id(' 
may also give a buff body. Anotln'r (Tfect of lime, if presimt in sufliciimt 
quantify, is to cause the clay to softmi rajiidly, thereby sonuffimes draw- 
ing the points of incipient fusion and viscosity within 41 ()°(’. (75° V.) of 
each other. This rapid softmiing of calcan'ous clays is one of th(‘ main 
objections to tlu'ir us(‘, and on this .account also it is not usu<all\' safe 
to atteni{)t the manufactun* of vitrified jtroducts from them, but, as 
mentioned under Magn(‘sia, the j)r(>senc(‘ of siweral per (amt of th(' latter 
substaiKa) will counteract this. It has also Ixam found possible' to incH'asc' 
the interval betw'cen tlu' points of inciiiient fusion and visiaisity by the 
addition of quartz and Mdspar.^ 

One of the most extensive serii's of ti'st'^, are those made by R. 
Rieko,^ who sought to dctermiiu^ in detail the ('ffect of lime carbonate 
’on kaolin. In his tests he mixed up different (luantities of finely ground 


iThe Collected Writings of II Seger, Vol. I, p. 3tt0. 

* Ueber die Einwirkuiig von Marmor auf Zettlitzcr kaolin, Sprechsaal, XXXIX, 
No. .38, 1906. 
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marl)io with Zottlitz kaolin, detorminiti" their sliririkage and porosity 
at (lifTcMCiit cones as indicated l)elo\v. 


SnUINIvAGK OF MjXTCRKS OF ZETrLI'JZ KaOLIN ANO T,1^!E CaRHO.W'IE 
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Tn order to determine th(‘ fu^hility of the mixtures wdiieh did not 
fuse, the following special tests were made: 

Pfr rent maibb* 0 1 r> 10 20 aO <10 50 60 70 80 

Cone of fusion 35-^ 35 34* 33 30 j- 15 15t 8* 7-8 16 12 23-24 

* Abovp 1 Noail,v 


Itiekc concludes from his experiments that: 

1. Marble acts the reverse of magnesite in d(‘creasing the shrinkage. 
That while a mixture of kaolin with 20% magnesite shows the maximum 
shriid<ag(‘, a , similar mixture of kaolin and marlile sliows a very low and 
almost uniform shrinkage throughout a great range of tempera’ture. 

2. I'he poi'osity of the burnt samples increases wath an increase in 
the iH'rcentage of carbonate of lime, excepting at the lowest tempera- 
tures at w’hich the carbon dioxide had not been entirely expelled. Only 
the mixtures carrying from 1 to 10 per cent of lime carbonate burn to a 
dense body at a temperature mucli below their fusing point. A higher 
percentagf! of lime causes the points of vitrification and viscosity to 
draw close together. 
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3. The most easily fusible mixture is one having the formula AI2O3, 
23102, 2CaO,i which fuses at cone 7 8. 

Mixtures of the formula AI2O3, 2SiOo, 4CaO; or AI2O3, 2Si02, OaO; 
and 2(Al203 -23102) CaO melt at about cone 10. If wo have more 
th^n two molecules AI2O3, SiOo, to one of CaO, very n'fracloiy mixtures 
result. With OCaO, AI2O3, 2Si02, an easily fusible mixture is ob- 
tained, but an increase in the lime content rais(\s it again. 



Fig. 17r. — Diagram showing fiision-|)oin1s of litiu'-silica inixOiros. f \fl(‘r Hif'lco, 
Sprcchsaal, XL, p, ,59.> ) DoHed lines represents eurv(‘ ohtaiiK'd hy Pou- 
(loiuird. 

The same writer has carried his experiments further, in det(‘rmining 
the fusibility of lirne-alumina-silica mixtures.- He points out that 
lime differs from magnesia in its fluxing action, in that its fusion ciirve 
shows not one, but three minima and two maxima, the last two corres- 
ponding to the formula CaO, AHOa. 2Si02 and 4(hiO, Ab^H, 2Si()2. 

In *the series of lime silica mixtures (Fig. 17c), the fusion curve 
showed one maximum point corresponding to CuO, 3i02, but that found 
by Day and Shepherd of 2(hi(), SiO, was not observed. 'Lwo minima 
were found, one at about 1410° or between CaO, 0.7 Si02 and CaO, 


^This contained 40.^^% CaO. 

^ R. Ricke, Uehor die Schm(‘lzbarkeii'von Kalk-Tonerde-Kieselsauremischungcn, 
Sprechsaal, XL, No. 44, p. 594, 1907. 
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0.8 Si02, and the other at 1420® C. Both these agree with Day and 
Shepherd’s observations, but their tliird miniiiiuni point was not found. 
In the lime-alumina-silica mixtures the ratios of alumina and silica 
employed were AI2O3, Si02; AU^O.n 2Si()2; AI2O3, dSiOo; and AI2O3, 
4S\02. To each of tiiesc the lime was added in increasing amounts. 



Fig. 17^. — Diagram showing fusion-points of mixtures of CaO and (AIjO^ tSiOj). 

(After Rieke, Spreehsaal, XL, p (32() ) 

'riie results of his tests are more c!(‘arly brought out by his diagram.?, 
whicli are reproduced in Figs. 17d //. 

Many erroneous stattunents are found in books regarding the allow- 
able limit of lime in clays, sonu* wiitm-s putting it as low as 3 jicr (amt; 
still a good building-brick can be made from a clay containing as much 
as 20 or 25 per cent of lime carbonate, provided it is in a linely divided 
condition,* and a vitrified ware is not attein[)ted. If, however, 
that quantity of lime is contained in the clay in the form of pebbles, then 
much damage may result from bursting of the bricks, when the lumps 
of burned lime slake by absorbing imnsturc from the air. 

Clays containing a high }H‘rccntage of lime carbonate are used in 
the United States, especially in Michigan, Wisconsin, and Illinois, for 
making comiiKjn bricks, common (*arthenware, roofing-tile, and .some 
terra-cotta, and the highly calcanams character of some brick-clavs is 


’ For analyses and um;s of calcareous clays, see li. Ries, (’lays and Shakes of 
• Michigan, Mich. Geol.Hurv., VllI, Pt I; and E R Huckh-y, Clays and Clay Indus- 
tries of Wis., Wisconsin Geol. Surv., Bulk 2, Economic Scries. 
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shown by the following analyses. Of these No. II is the most calcareous 
that the writer has ever examined. 

Analyses of Caioareous Clays 



I. 

11. * 

Silica (SiOj) 

44.15 

IS 02 

Alumina (Al,OP 

10 00 

3 23 

Ferric oxide (Fc.Od 

4 OS 

1 20 

Lime ((?a()) 

13 .30 

41.30 

Magnesia (MgO) 

1 /lO 

42 

Potash (K^) 

l.r)5 

( None 

1 None 

Soda (Na,0) 


2.42 

Water (H/J) 

12 13 


Carbon dioxide (COJ 

11 34 

32 50 

Organic matter 

1 95 


Total 

100 00 

99.75 

Total fluxes 

20 43 

42.98 


I. Ionia, Mich. A, N. Clark, Anal. Mich. Ceol, Surv., VIII, Pt, I, p. 53. 

II. Seguin, To.v. 0. 11. Palm, Analyst. 


Effect of lime-bearing silicates.— The effect of these is mucL less 
pronounced than that of lime carbonate. They contain no volatile ele- 
ments, and hence do not affect the shrinkage to the extent that lime 
carbonate does. They serve as fluxes,^ but do not cause a, rapid soften- 
ing of the clay. 

Effect of gypsum. — (lyi)sum in clay has {irobably often been formed 
by sulphuric acid, liberated by the decomposition of iron pyrite, acting 
on lime carbonate. Lime, if jjresent in the form of gypsum, seems to 
behave differently from lime in the form of carbonate, although few 
clays contain large percentages of it. 

Gypsum, as already shown, 2 is a hydrous sulphate of lime. In cal- 
cining gypsum for making plaster of Paris, the chemically combined 
water is driven off at 250° V., but only a portion of the sulphuric acid 
is driven off at a low red heat, the balance passing off at a much higher 
temperature. To illustrate this a mixture'* consisting of 75 per cent of a 
white-burning clay and 25 per cent of nearly pure white gypsum was 
made up. This mixture contained 15.11 i)er cent of combined water 


*See also under Alkalies. 

*Chai)ter III, Minerals in Clay. 
*N. J. Geol. 8urv., VI, p. 03, 1904 
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and 11.65 per cent of sul])hur trioxide (SOa), and was burned at a 
number of different tctnperaturcs with the followinjj; results: 


Table showino Loss lv Wek;ht hv IUtrnfno 


Tcmi)er!iture. 

liO.ss in weiKht, jx'r cont. 

Sample No. 1. 

11 ()()':;, 

13 1H% 
i<) <)3<;{, 

2.3 15'^.;, 

23 21<’';i ' 

Siuiiplo No 2. 

mf C. (15S0° F.)., 

11 50';, 

12 .50% 

H) .5s';;, 

23 05"/;, 

23 if;;, 

1000° C. (1S32° F.).’ 

1 100° (2012° F.) 

1200° C. (2192° F.) 

i:-;00° C. (2372° F.) 



• 

These figures show that at S()()°(’. the loss hail not exceeded the amount 


of combined water contained in tlie mass; at lOOIf C. (lie loss was not 
ecjual to the sum of the water contained in the clay and <iypsum; m lar^e 
loss occurred between 1 100° and 1200° while between the latt('r 
temperature and 1300° C. the loss was excee<lin^ly small. Therefore, 
even at 1300° C., or siii!:htly above the theoretic melting-point of cone S, 
there w^is still over 3 per cent of what would be considered volatih^ ma- 
terial remaining in tln^ mixture. It is jiresumed that this represents 
sulphur trioxide which has not been driven off. 

The })resence of silica is said to facilitate the decomposition of the 
calcium sulphate, and the evolution of tlio SO3 is thought to cause some 
of the swelling or blistering seen in some w'ares after burning. 

The range of lime, as determined from a scries of clay analyses, is sis 
follows:"^ 


AmOITNT op laAfR IN Cl\ys 


Kind of clay. 

Min. 

Max. 

Aver. 


0 021 

15 

1 513 

P(il| 

0 011 

0.90 

I 098 


0 03 

1 527 

0 655 

KaoJin.s 

Ir. 

2 .58 

0 17 


Magnesia 

Magnesia (MgO) rarely occurs in clay in larger quantities than 1 per 
cent. When present, its source may be any one of several classes of 
compounds, that is, silicates, carbonates, and sulphates. 

The range of magnesia in several classes of clays, as figured from a 
liumber of analyses is as follows:^ ______ 

’ Bull N. Y. State Museum, No. .35, p 523. Owing to an error in the analysis 
of one of the brick clays, the average.s in this table has been recalculated. 
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Amount of Magnesia in Clays 


Quality. 

Miti. 

Max. 

Aver, 

Brick clays 

0 02 

7 29 

1 052 

Pottery-clays 

0 05 

4.80 

0.85 

Fire-clays 

0.02 

6.25 

0.513 

Kaolins 

tr. 

2.42 

0.223 


In the majority of clays the silicates, no doubt, form the most im- 
portant source, and minerals of this type carrying magnesia are the 
black mica or biotite, hornblende, chlorite, and pyroxene. These are 
scaly or bladed minerals, of more or less complex composition, and con- 
taining from \l) per cent to 25 per cent of magnesia. The biotite mica 
decomposes readily, and, its chemical combination being thus destroyed, 
the magnesia is s(‘t free, probably in the form of a soluble compound, 
which may be retained in the pores of the clay. Hornblende is probably 
not an uncommon constituent of some clays, especially in those which 
are highly stained by iron, and have been derived from dark-colored 
igneous rocks. Like biotite, it alters rather rapidly on exposure to the 
weather. Dolomite, the double lairbonate of lime and magnesia, is no 
doubt present in some clays, and would then serve as a source (if mag- 
nesia. Magnesium sulphate, or Kpsom salts, probably occurs sparingly 
in clays, and might form a white coating either on the surface of clay 
spread out to weather, or else on the ware in drying. It is most likely 
to occur in those clays which contain pyrite, the sulphide of iron 
(FeS 2 ), for the decomposition of the latter would yield sulphuric acid, 
which, by attacking any magnesium carbonate in the clay, might form 
magnesium sulphate. This substance has a characteristic bitter tnste. 
On heating, both magnc'sium carbonate and dolomite have been sup- 
posed to lose their CO 2 between 4()(F 0. and 600° 

Magnesia was for many years regarded as similar to lime in its fluxing 
action. The experiments of Mackler^ have indicated, however, that 
its effect was cpiite different. 

In order to prove this point he selected a clay which was free from 
lime or magnesia, and in its raw and burned condition had the composi- 
tion shown at top of page 97. 

To one hundred parts by weight of this clay, either lime or magnesium 
carbonate was added in the proportions given in the second table on 
page 97, the percentages given in parenthesis representing the quantity 

* Brill’s work (Zeitschr. Anorg. Chem., XLV, p. 277, 1905) shows that MgCO, 
begins to lose some CO 2 at 255° C., and additional quantities at 295°, 325°, 340°, 
380°, 405°, and 510° C. These points are believed to show the successive for- 
mations and breaking up of various basic carbonates. 

* Tonindustrie-Zeitiing, Vol. XXVI, p. 705, 1902. 
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Analysis of Clay uy MxCKLiiit 


Loss on ignition 

Silica (SiOj) 

ILiw. 

7 07 

niiriit'd. 

Alunjina (AbOj) 

Ferric oxide (FcoOA 

22 ‘)7 

OS 00 

2\ 72 

Lime (CaO). . . .“ 

Magjie.sia (MgO) 


5 do 

Alkalies (Na.,0. K.,0) 

. . . *) aT 


• 

lot) A4 

lot) SO 


of lime or magnesia cootainod in the amount, of carbonate added. The 
physical tests of these mi\1ur(\s are also j:i\en. 

will be seen here that the eff(*ct of mai’uesia was quite dilTerent 
from that exerted by the lime. The mixtures containiiio; maj^nesia did 
not vitrify suddenly, as did the limy clays; nor dal the ma^niesia exert 
as strong a bleaching action on the iron, and the [)oin(s of incipi('n( 
fusion and viscosity were also separated. 


PUYSICM, 'PesI'S (),V MaCKLIOPs Mi\TI'I{ES 



With a mixture of kaolin and magiK'sia similar n'sults were obtained. 
The mixture of kaolin and magnesia showed a higher shrinkage at the 
beginning of the burning than the kaolin alone, and then increased but 
little until a high temperature was reached, when the shrinkage sud- 
denly beg.qn again. A hard body was obtained at cone I with the kaolin- 
magnesia mixture. 

The effect of magnesia therefon^, if present in sufficient quantity, is 
to act as a flux and make the clay soften slowly, instead of suddenly as 
in the case of calcareous clays. Tlu^ results mentioned above have been 
corroborated in tliis country by llotdnger. An imp -rtant characteristic 
of magnesian clays is, that they can be made into wares of extreme length 
and very thin walls, which may be nearly vitrified without warping.^ 


Ilottiiigcr, Trans. Amcr. Ceram. Soe, V, p KtU, 11K)3. 
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Burringcr i has pointed out that the action of magnesia depends 
largely on the composition of the clay; in bodies containing a number 
of active fluxes, and which vitrify at a low temperature, it has a marked 
influence on the fusing point and temperature of the vitrifying stage, 



Fia. 17/i. — Diagram .showing fusibilily of kaolin-magnesite mixtures. (After 
llieke, Sprecli.saal, Nos. '10-48, 1905 ) 

but, “ as the number and character of the bases change in going towards 
high fire-products, the influence of magnesia lessens considerably.^' 

To the data supplied us by Madder and Barringer, there must be 
added a more extensive series, embodying the results of R. Ricke's 


Per Cent Linear Smuinkaoe of Zettlitz Kaolin and Magnesite 
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’ Trans. Amcr. Cer. Soc., VI, p. 86, 1904. 
® Sprechsaal, Nos. 46-48, 1905. 
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Percentage Porosity or Zettlitz Kaolin and Magnesite 
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work on kaolin- magnesite mixtures, of wliicli he determined the linear 
shrinkage, porosity and fusibility. Tlie results of the first two series 
of tests are given in the accompanying tallies, while the fusion iioints 
arc given in Fig. llh. It will be noticed there that the fusion point 
gradually falls until a content of 45 per cent magnesite is reached, after 
which it again rises. 

Of C(iual interest are a later series of experiments, in which (piartz 
^was aikled to the original mixture, the results being shown in tabulated 
forinwn pages 100 and 101. 

Alkalies 


The alkalies commonly present in clays include potash (KoO), soda 
(NaoO), and ammonia (Nil,). TIu'rc am otlior alkalies, but they are 

probably of ran; oectirroncc. . , . , a • 

Ammonia is no doubt present in some raw clays, judfimf! from their 
odor, and it may possibly e^eIt some efloct on the phys„-al structure 
of the clav, it beiuK found that tlie bnn.'hes of Rrams m a clay tonil to 
separate more easily, wben the clay is a^ilatc.1 wilh water if a few dro|is 
of ammonia are, added. As ammonia is easily volatile, it leaves tbo clay 
as soon as the latter is wanned, and tliorefoiv plays no part m the burn- 
im' of tlie chiy. The two otlier coiiinion alkaline substances, potash and 
soda, are nuiro stable in tbeir character, and are therefore son_iet.iii.os 
termed alkalies. These have to he reckoned with m burning, for 

they lire present in nearly every clay. ■ w, o 

no. amount of total fixed alkalies contained m a clay varies from a 
mere trace in some to f) ,,cr cent in others. The raufrey alkalies in sev- 

oral classes of clays was determined to he •‘'«y 
Amount on 'I'or.o, Ai.k m.iks 

... 0 1 (• 21 1 01 

Kaolins 0 OlS 1 '10 

Firc-clay ’ ' o 52 7.11 2 00 

Pottery-clays ‘ 017 15.:{2 2 708 

Brick-clays • 

1 N. Y. State Museum, p. 515. 
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Several common minerals may serve as sources of the alkalies. Feld- 
spar may supply either potash or soda. Muscovite, the white mica, 
contains potash. Greensand, or glauconite, contains potash. Other 
minerals, sucli as hornblende or garnet, might serve as sources of the 
alkalies, but arc unimportant, as they arc rarely present in clays in 
large quantities. 

OrthocFise, the potash feldspar, contains 17 per cent of potash (K 2 O); 
while the lime-soda feldsjiars conlain from 4 to 12 per cent of soda (Na-jO), 
according to the species. The lime-soda feldspars fuse at a lower tem- 
perature than the potash ones, but are also less common. ^ 

Mus(!ovite mica contains nearly 12 per cent of potash, and may 
contain a little soda. Muscovite Hakes, if heated aloiu^, seem to fuse 
at cone 12, but, when mixed in a clay, they ap[)enr to act as a flux at 
different temperatures, accortling to the size of the grains. If very 
finely ground, the mica ajipears to vitrify the body at as low a tem- 
perature as cone 4,- but if the scakvs arc larger they will retain their 
individuality u}) to cone <S, or even 10. The latter is true, for example, of 
micaceous talc-like clays found in the Miocene formation around Wood s- 
town, N. J., a large amount of which arc composed of white mica.il 

We therefore see that the minerals supplying alkalies are all .^ificates 
of complex composition. Each has its fix('d melting-point, and the tem- 
perature at which the alkalies flux with the clay will d('j)end on the 
containing mineral, and also on the size of the grains. If the alkali- 
bearing tnineral grains decompose, the })()tash or soda arc set free and 
form soluble compounds.^ 

Alkalies are considered to be the most powerful fluxing material 
that the clay contains, and, if pre.sent in the form of silicates, are a de- 
sirable constituent, except in clays of a refractory character. On account 
of their fluxing properties they serve, in burning, to bind the particles 
together in a dense, hard body, and permit a white ware, made of porous- 
burning clays, to be burned at a lower temperature. In the manufacture 
of porcelain, white earthenware, encaustic tiles, and other wares made 
from white-burning clays and })osscssing an impervious or nearly im- 
pervious body, feldspar is an important flux. 

According to the experiments of Berdel on kaolin, quartz, feldspar 
bodies, the action of feldspar on the vitrification of bodies is noticeable 

^ Seger, Gcs. Schriffc, p. 414. 

* Trans. American Ceramic Society, IV, p. 2.55. 

^ Ries, N. J. Geol. Surv., Fin. Kept., VI, p. 68, 1904. 

* See Origin of Clay, Chapter I. 

® Sprcchsaal, Nos. 2-11, 1904. 
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at cone 1, but its effect on hinjh-lieat b(xlies starts with the mcltin^^-point 
of feldspar at cone 9. llic vitrifyin<^ actual of feldspar becomes greater 
the finer the griiin is, and to such an extent that very fine felds[)ar may 
vitrify Zettlitz. kaolin at cone 2. 

^^Ikalics alone seem to exert little or no colorino; inllucnce on the 
burned clay, although in some instances potash appears to deepen the 
color of a ferruginous clay in burning. 

Titanium 

Titanum is an element which is found in several minerals, s(ane of 
which are more common in clays than is usually imagined, allliougli 
they appear rare because they are s(‘ldom found in largi' (luantities. 
The two commonest of these, nddv and ilnicnilc, have* already Inam rtv 
ferred to. So far as known, iK'ither of these is (wer found m clays m 
sufficiently large grains to be visible to the nak(‘d eye, so that ;i micro- 
scopic examination would be neci'ssary to idemtify them. Although 
titanium is such a common constituent of clay, it is rari'ly shoun in 
an analysis, because its determination by cli(‘mical methods is attended 
witI>4nore or less diniculty and is rari'lv carrii'd out. In the ordinary 
process of chemical analysis it is usually includ(‘d with the alumina. 

As early as 1SG2 Hiley ^ referri'd to tla; universal occurrence of titanic 
oxide in clay, and, in a scries of English ones, found from .42 to ].(F) per 
cent. Since that time a number of additional oc(*urrenccs h:ive been 
noted, as follows’ 

Twenty-one New Jersey clays, 1.00 to 1.93 per ci'iit.^ 

A series of Pennsylvania clays, .<S,5 to 4.30 piT c(mt.'* 

Eleven Ohio coal-mea.surc clays, 0.10 to 1.08 per cent.'^ 

Phre-clays from St. Louis, I to 1.91 per c('nt.’'^ 

Thirty-five clays and sands from Virginia Coastal Plain, .0 to 1.88 
per cent.® 

One hundred Texas cl.ays, .0 to 2.12 per cent.^ 

Among the foreign observers, Vogt^ has noted percentages as high 


^ Quart. Jour. Chem, Soc., XV, Itll, 1.S02. 

^ Cook and 8mock, Report on I he Clay.s of New Jersey, 1878, p. 270. 
® Second Pa, Oeol Siirv , MM, [), 201 et se(|. 

* Orton, Ohio Oeol. Surv., VII, Pt. I. 

* Wheeler, Mo. Geol. Surv., XI, p. 50. 

® Ries, Va. Oeol. Surv., Bull. II. 

’ Unpiihli.shed manuscript. 

* Tonindustrie-Zeitung, XXVII, 1247, 1903. 
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as 2.08, and Kovar ^ the unusually high percentage of 10.06, while Odern- 
heinier found up to 4.6 per cent in certain Basaltic residual clays from 
the Duchy of Nassau. The fact that most of it was soluble in a 20 per 
cent hydrochloric-acid solution would suggest its being ilmenite. 

Effect of titanium. — Messrs. Seger and Cramer, of Berlin, ^ endeavo^d 
to determine the effect of titanium on clay by burning artificial mixtures 
of tliis material and kaolin. Two samples of Zettlitz kaolin (containing 
9(S.5 per cent clay substance^ were mixed with G.5 per cent and 13.3 per 
cent titanium oxide respectively; both were then heated to a tempera- 
ture above the fusing-point of iron, with the result that, while the first 



18.— Curve showing effect of titanium oxide on fusibility of clay. 
(After Kies, N. J. Cool. Surv., VI, p. 71, 1904.) 


softened considerably on heating and showed a blue fracture, the second 
fused to a deep-blue enamel. 

A second scries of mixtures, con.sisting each of one hundred parts of 
kaolin, with 5 per cent and 10 per cent of silica respectively, showed no 
signs of fusion, and burned simply to a hard white body, thus indicating 
that the titanium acts a.s a flux at a lower temperature than quartz. 

More recently the author^ has shown that even small amounts of 
titanium lower the refractoriness of a clay. In these experiments a white- 


‘ iSprechsaal, 1891, p. 106. 

^ Seger\s Collected Writing.s, I, p. 519. 

3 N. J. Gcol. Surv., Fin. Kept., VI, p. 71, 1904. 




chemical li{()1‘euties of clay 


1(6 


burning sedimentary clay fusing at cone M was mixed with amounts of 
i, 1, 2, 3, 4, and 5 per cents of very finely ground rutile. 

These mixtures were then formed into small cones and tested in 
the Dcville furnace, the results of these t(‘sts being shown graphically 
by the curve in Fig. 18. In this figure the vertical line at (he left rep- 
resents the cone number of the SegcT s(‘riesd and the horizontal line at 
the bottom the per cent of titanium oxide. No. Vll, at the extreme 
left, represents the fusion-point of (he clay alone, while 1, II, etc., indi- 
cate respectively the fusion-jioinfs of the clay and titanium mixtures. 
From this it will be seen that even one-half per cent of titanium oxide 
lowered the fusing-point of the clay half a r*one, while h per cent lowered 
it.two cones. All the mixtures, when heated to coik' 27, were appar- 
ently vitrified, and showed a dee])-blue fracture. This coloration was, 
however, destroyed by the jiresence of a few per cent of silica, Al 
lower temperatures (cone 8) a mixture containing 5 per cent of titanium 
oxide burned yellow. 

A recent series of experiments by Ilicke^ form an interesting con- 
tinuation of those by the author (described aliove), Ib^ made up a 
• serie^ of mixtures of chemically pure TiOj and Zi'ttlitz kaolin, deter- 
nnhTiig their fusing points with the following results: 


Fusion Points of Kaolin-Tit \nium Oxion .Mixtciiks 


Kaolin 
per cent. 

TiOj. 
per cent. 

(’..no of 
fiiMon 

100 

1 

;K) 

90 

10 

.30 

80 

20 

- 2(; 

70 

30 

20 

60 

40 

-20 

60 

50 

10-20 


[nolin 

Ti( 

('one of 

t ccill j 


I fiiMon 

(0 1 

(iO 

20 

.30 

70 

1 20 

20 

80 

- 20 

10 

00 

2(i 


100 

-27 


Thejieat was raised at the rate of one cone in 1 5 minutes. With 
very much slower heating the fusion jiomts lay slightl} highei foi mi.x- 

tures with 40% or more of Ti() 2 - 

A similar series of mixtures in which the kaolin was replaced^ by 
alumina or silica showed that the titanium was less effective. The 
results of these other series were as below. 

' See Fusibility, Cfuipter III. 

2 Sprechsaul, XLl. p 400. 1008. 
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Fusion Points of Alumina-Titanium Oxide Mixtures 


Alutnin'i, 
per cent 

Tl()2. 

I)Pi cent. 

(’one of 
fuMon 

Aliitnina, 
pei cent 

TiOt 
per cent. 

Cone of 
fusion 

100 


42 

40 

GO 

.00-04 

80 

20 

;i7 

.00 

70 

Tn 

70 

;io 

-05 

20 

80 

-29 

GO 

•10 

1 .00 

10 

90 

-28 

50 

50 

+ 00 


100 

-27 


Fusion Points of Silica-Titanium Oxide Mixtures 


Silica, 

Tm. 

Cone of 

Silica, 

0002 

Cone of 

per cent 

per '‘ent 

fiwon 

pel lent 

per cent. 

fusion 

100 


:U) 

10 

GO 

+ :io 

90 

10 

00 :u 

.00 

70 

29 

80 

20 

29- .00 

20 

80 

29-00 

70 

.00 

2G 

10 

90 

-29 

GO 

•10 

20 


100 

-27 

50 

50 

27 





Water in Clay 

Under this head are included two kinds of water: 1. Mechanically 
combined water or moisture. 2. Cdiemically combined water. 

Mechanically combined water. — The mechanically combined water 
is that which is held in the pores of the clay b}^ capillary action, and fills 
all the spaci's between the clay-brains. When these are all small, the 
clay may absorb and retain a lar^e quantity, because each intersi)ace 
acts like a capillary tube. If the spaces exceed a certain size, they will 
no lonber hold the moisture by capillary action, and the water, if poured 
on the clay, would fast drain away. The fine-brained clays, for these 
reasons, show hibh powers of absorption and retmition, while coarse, 
sandy clays or sands nqiresent a condition of minimum absorption. 
This same phenomenon shows itself in the amount of water required for 
temperinb a clay. Thus, a very coarse sandy (*lay mixture from one 
deposit required only 15.9 p(‘r cent of water, while a very fat one from 
another deposit took 45 per cent of water. It is not the hibhly aluminous 
ones, however, that always absorb the most water. The total quantity 
found in different clays varies exceedinbly. In some air-dried clays it 
may be as low as 0.5 per cent, while in those freshly taken from the 
bank it may reach 30 to 40 per cent without the clay being very 
soft. 

Clay is very hygroscopic, and when thoroughly dry greedily absorbs 
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moisture from the Jitmospherc, indeed it muy nbsorb as much as II) per 
cent of its weigh td 

Water held mechanically in a clay will pass olT partly by evaporation 
in air, but can all be driven off by heating the clay to 100° C. (212° F.). 
The evaporation of the mechanical water is accompanied by a shrinkage 
of the mass, which ceases, however, when the particles have all come in 
contact and before all the moisture is driven off, because some remains 
in the pores of the clay. This last j)ortion is driven off during the early 
stages of burning. The shrinkage that takes place when the metthanical 
water is driven off varies — ranges from 1 per cent or less in very sandy 
clays up to 10 or 12 per cent in very plastic ones. 

. Since most clays having a high absorption shrink a large amount 
in drying, there is often danger of their cracking, especially if nipidly 
dried, owing to the rapid escape of the water-vapor. Mechanical waU'r 
may hurt the clay in other ways. Thus, if the material contains any 
mineral compounds w})ich are soluble in water, the latter, when added 
to the clay, will dissolve a portion of them at least. During the drying 
of the brick the water rises to the surface to evaporate and brings out 
the compounds in solution, leaving them behind w'hen it vaporizes. It 
help the fire-gases to act on certain elements of the clay, a 
point explained under Burning 

Chemically combined water.-— (diem ically combined w’ater, as its 
name indicates, is that which exists in the clay in chemical combination 
with other eleiiKMits, and which, in most cases, can be driven out only 
at a temi)eraturc ranging from 400° C. (752° F.) to 60()° F. (1112° l.)'^ 
This combined water may be driven from several minerals, such as 
kaolinite, which contains nearly 14 per cent, white mica or muscovite 
with 4 to per cent, and limonite with 14.5 per cent. Unless a clay 
contains considerable limonite or hydrous silica, the percentage of 
combined water is commonly about one third the percentage of alum- 


• Soger’s (\)llecto(l Writings, 1, p ‘*-'1 ) In Hus eonnecli.in see .also P.attcn and 
Gallagher, Absorption of Vapors and Ga..e.s l,y S.,ils, Bureau of Soils, Bull 51 
1908,' aiM Gaineron and Gallagher, Moisture Gontent and Physical Condition of 
Soils’, ibid , Bull. 50, 1908. 

^See Bourry, Treatise on Ceraniie Tndu.stiio.s, p. lO:'.; also W. M. Kennedv, 
Trans. Amer Goram. Soc . IV, p. 1 10 , and further experiments uiicRr I ire-sl.rinkage 
(Ghapter 111). E. Plen.skc (Spreclisaal, No. 21. p. 290 1908) -ted - loss oflb 0 
at c.. while at 745^ G. he found 1.07 per cent, and fur her heating to 920 G. 
in a muffel furnace still showed 0 00 per eent H/) J 

V, p. 400, 1881) noted dehydrations at G ; Muldhanscr (Ibid., p. 149) at 
■ 370° C.; Rohland (Sprechsaal, 1905. p. 1715) claims the last passes off between 
900° and 1000° C. 
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ina found in the clay. In pure, or nearly pure kaolin, there is nearly 14 
per cent, and other clays contain varying amounts, ranging from this 
down to 3 or 4 per cent, the latter la'ing the (luantity found in some 
verv sandy clays. The loss of its combined water is accompanied by a 
slight but variable shrinkage in the clay, which reaches its maximum 
some time after all the volatile matters have been driven off. 

In many clay analyses the chemically combined water is determined 
as loss on ignition, which is incorrect if the clay contains carbon dioxide 
sulphur trioxide, or organic matter, all of which are driven off, in part 
at least, at a dull red. 


Carbonaceous Matter 

Under this head is included all matter of carbonaceous character, 
xnost of which is of vegetable origin. Lew .sedimentary clays arc entirely 
free from it, the material having become incorporated with the clay dur- 
ing its deposition. Although when first mixed with the clay it may have 
been more or less fresh, it has since then often undergone changes due 
to burial within the clay out of direct contact with the air, which have 
imparted to it an asphaltic or a coaly character. 

Carbonaceous material may occur in clay in three different forms, 
namely: 

1. Vegetable tissue, such as wood, leaves, sterns, etc., in which form 
it is but slightly altered, and when of this character is commonly found 
in surface clays of recent origin. Organic matter of this character rarely 
affects the color of the raw clay and burns out easily, so that it causes 
but little trouble; then, too, it is usually present in but small amounts, 
rarely exceeding 1 per cent. 

2. Carbonaceous matter of asphaltic or bituminous character. This 
burns readily at a low red heat, because of the highly combustible gases 
given off from it. It is found in some clays and in many shales, especially 
those associated with coal-seams, and in the shales which arc worked 
may range anywhere from 0 to 10 per cent. If it incrca,ses above this 
the shales are not workable. Even 5 to 6 per cent causes much trouble 
in burning, 

3. Hard, or coaly carbon, resembling anthracite. This burns slowly, 
and gives off few combustible gases. 

Effects of carbon in clay. — Only the second and third of tile groups 
mentioned need to be considered. The first alone causes trouble when 
it occurs in the form of sticks or thick roots and has to be screened out. 
It is, therefore, not included in what follows. 
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L:ni)()iia(‘(M)us oflcn mtxcs as a strong colorinji; aiK'iU of I'aw 

(‘lays. If |)ros('ii| in small amounts it (m^Ln's (licm ^',ia\ oi Llnisli ura\', 
\vliil(‘ lar^ii'i’ (Hianlitics can.sc' a black I’oloralion. iialccd. so -irony ma\' 
this !)(' that it masks th(‘ (‘fha-t of ot lu'r colormy aiu'iits such as non In 
fa(‘t, two cla\'s colon'd black miyht burn red and whit(‘ K'spccf i\ eh-, 
b(‘cans(‘ OIK' had nmcli iron and the otlu'i' tioik', and \et, ouiny to tla'ir 
l)lack (‘olor, this could not be forcUold with d(‘Iiniten<‘ss 



Fic, t9. - ('liaiiycs in biirniiiy a Idack r l.av to a hiitl’-coloied biick I In' Imlitcst 

OIK' was not rciiiovcd Innii kiln iinlil all the cailton was biitiicd oil ( \lfrr 

Hies, N. ,1. (icol Siir\ , I'lM. Hi‘|)f , VI, p I 10, 1001. j 

.\s|)haltic (.‘arboii. aside from its coloring action, often cause's much 
troulih' in burmny, causiny black cores, or ('\('n sw(*lhny and lusiny of 
tlu’ linck. Mon* than this, it ma\ k('e|) tlu' iion in a lerrous ctindition 
and [)i’ev('nt the deve'loiuneiit ol tlu' best color-('fi('cts in tlu' war('. 

Th(‘ reason for this is du(‘ to se\('ral causi's; 

Carbon lias a strony allinitv for owyi'ii, inucli stronyer than that of 
iron, tluTefore as lony as it i('mains in tlu* clay it will monopoli/e th(‘ 
sujiplv of o\vy(‘n and k(‘ep tlu' iron in a b'rrous condition, thi' form 
III which much of it is. in yray or bla(d< clays and shak's. Xow', in burn- 
iny a clay, one of tlu' aims of the clav-work(‘r is to y(‘t th(' iron into a 
ferric condition, so as to fiillv d('\elop its coloriny jirope'rt i(‘s and pri'vt'nl. 
other troubles. As lony as any (-arbonaceous niatt(‘r n'lnauis tlu' o.\ida- 
tion of t h(‘ iron is pre\ented or retanh'd, and conseejuently th(' carbon 
must !)(' ))urn(‘d ont. 
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Tho exporiineiits of Orton and fJriffin ^ havo sliown that between 
800° and 000° C. is the best temperature interval for burning off the 
carbon, as ])elow tliis the oxidation of it does not ])rocced as raj)idly, 
and al)ovc this there is danger of vitrification beginning and the oxida- 
tion ])eing sto|)ped. 

The method of procedure would therefore be to drive nil moisture 
out of the clay first, then raise the heat as rapidly as possible to a tem- 
perature between 80(P and 000° C., and hold it there until the ware 
no longer shows a black core denoting ferrous iron. 

In order to burn off the carbon and oxidize the iron, air supplying 
oxygen must be drawn into the kiln during burning, for the gases of 
combustion from the fuel will sujiply none. Oxidation may be acceleraited 
by increasing the amount of air (‘iitering the kiln an<l by reducing the 
density of the clay as mu(*h as })ossible. 

In cas(^ this is not done, and the pores of the clay close up before all 
the carbon is burned off, it interferes with the expulsion of sulphur 
present which may result in a swelling of the clay. This may 
be even followed by complete fusion of the interior of the mass, caused 
by the formation of an easily fusible ferrous silicate. When theVarbon* 
is all burned off then the iron has a chance to oxidize. 

If the clay contains much asphaltic carbon, then the oxidation must 
be carried on witli as little air as possible, otherwise' the heat generated 
by tho burning hydrocarbons may be so inten.se as to vitrify the ware 
before the oxidation is comj)leted. 

Since dense clays are more ditlicult to oxidize than porous ones, the 
process of manufacture may also influence the results, and in this con- 
nection it has been found that bricks m.ade by the soft-mud ])rocess are 
most rapidly oxidized, followed by either tlui stiff-tmid or drv-pn'ss 
(there being no difference between the two), and lastly by tla^ .semi- 
dry-press. 

Effect of water on black coring. — It is often .stated by brickmakers 
that black cores arc caused by the brick being set too wet. This is not 
strictly true, and the relation is but a very indirect one. While carbon 
burns off most rapidly between the temperatures of 800° and t)()()° (k, 
still it also i)asses off somewhat at much lower temperatures. If now 
the brick is .set wet it re(iuires .so much more heat in the early stages of 
firing to drive out or evaporate the water that other changes, such as 
the oxidation of the carbon, will be retarded, and brick begins to vitrify 
before the process is completed. 


’ Socoiul Report of Coimnittee on Teehnieiil Inve.stigution, Indiunapoli.s, 
190 . 5 . 
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Sulphur. — ]\rany clays contain at least a trace of sulphur, and some 
show appreciable quantities, but determinations of it are rarely made, 
unless the clay is to be employed for Portland cement manufacture. 
As can be seen from the experiments of Seger, and more especially 
Orton and Staley, it may cause serious trouble, and should always be 
deterniincd in the analysis of a clay. 

Sulphur might be present in a clay, as 

1. Sulphate, such as gypsum (CaS 04 , 2 II 2 O), cpsomite (MgS 04 , 
7 H 2 O) or melanteriic (FeSO^, 7HjO). 

2. Sulphide, as pyrite (FeS 2 ) or marcasite (FeSo). 

Few investigators have, however, given much attention to the mat- 
ter. 

From experiments on a Columbus black shale, running high in car- 
bon, ferrous iron and sulphur, Orton and Staley' adopted the series 
of conclusions given below. 

The shale contained an average of 2.907% of total sulphur, ex- 
pressed as the element, of which .70% was contained in soluble sulphates 
and 2.235 in sulphides. 

They conclude: 

■■ 7. Both sulphates and sulphides experience rapid diminution by 
dissociation, in that portion of the burn up to S00° C., in those portions 
of the ware which get air freely. This loss of sulphur may amount to 
two-thirds or throe-fourths of the amount originally present. 

2. BoUi sulphates and sulphides experience a further slow diminution 
by dissociation or oxidation, beginning at 800° C., and continuing as 
long as the clay structure remains porous and permeable to air. The 
loss of sulphur may amount to 90% or more of the initial sulphur con- 
tent at the end of the period, but it proceeds increasingly slowly, and 
would probably never become complete. 

3. In the interior portions of the cl.ay, to which air cannot readily 
penetrate, the loss of sulphur may be less, and if there are any bases, 
such as FeO, CaO or MgO present, with which the sulphur may com- 
bine, the sulphur is not likely to be expelled. 

4. Carbon, even in small quantities, interferes strongly with the 
expulsion of sulphur, which does not pass off to any extent until after 
the carbon goes. The clay may therefore have become too dense by 
that time for the oxidation of the sulphur to proceed, so that the carbon 
has virtually prevented its escapa 


' Third Report of Committee on Technical Investigation, Nat. Brick Makers' 
A.?SOC., Indianapolis, 1908. 



112 


CLAYS 


5. Sulphur retained in tlie clay in any form and from any cause is 
not likely to cause physical disturbances in the clay until a fairly com- 
plete degree of vitrification is reached. 

6. When a clay reaches a dense vitrified condition it proceeds* nor- 

mally, after a longer or shorter interval, to become less dense, by reason 
of the development of multitudes of minute vesicles in the viscous body; 
this process is progressive and in the end the body becomes spongy and 
worthless. * 

7. The length of this period of dense vitrification is much shortened, 
and in some cases practically abolished, by the presence of sulphur com- 
poimds, which break down and evolve gases copiously, producing a 
prematurely spongy body. 

8. The cause of this gas evolution is chiefly the dissociation of sul- 
phides and sulphates by silicic acid, which becomes increasingly active 
as the temperature rises, and appropriates the bases formerly com- 
bined with the sulphur. 

0. In clays of low sulphur content, and of favorable structure for 
oxidation, the amount of sulphur left in the clay at vitrification is very 
small. Hence the period of good structure is long, the vesicular StTOc- 
ture develops slowly, and the clay is said to stand over firing well. 

10. In clays of high sulphur content, or of dense structure unfavor- 
able for oxidation, or of high content of iron and carbon, the escape of 
the sulphur is prevented, the clay has a very narrow period of usefulness, 
or none at all, and the vesicular structure becomes enormously exag- 
gerated. 

11. While this premature and exaggerated swelling from sulphur 
may in bad cases occur in well oxidized clays, it is practically certain to 
occur where clays containing a partly oxidized core are allowed to reach 
the vitrification period. 

12. This breaking down of sulphur compounds by .silicic acid is the 
chief or common cause of the premature swelling of black colored clays, 
and the occasional cause of sudden and severe swelling of properly 
oxidized clay wares. 

13. The proper way to avoid the effects of sulphur in vitrifying clay 
bodies is to apply a deliberate and complete oxidation treatment while 
the clay remains {)()rous. This will rid the clay of the greater part of 
the sulphur, and will prevent sudden or premature slagging of the clay 
by ferrous oxide, if it is true that ferrous oxide has such a tendency, and 
will thus avoid, so far as possible, the conditions which favor swelling. 
Clays which still give trouble from swelling after this treatment must 
be regarded as bad clays. 
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Reactions involved in expulsion of sulphur 

These may be expressed briefly as follows, the simpler and most 
probable ones only being given: 

I^yrite heated to 400° C. gives 

FeS2 + heat = FeS + S 

The S in the air catches fire and burns to SOo or SO3, but if liberated 
in a clay soft and spongy by heat it may attack FeO, CaO or MgO. 
However, most of it })roba])ly escapes. 

JhcS exposed to oxidizing conditions miglit oxidize to ferrous sul- 
phate, but further heating to TmO 050° C. break.s it up, leaving FeO, 
the latter in an oxidizing atmosph(M‘e (^hanging to FcjO.-j. 

Calcium sulphate also breaks down, but at higher temperatures 
than ferrous sul[)hate and less comj)letely.^ The action of carbon in 
restraining the liberation of sulphur is explained as follows: ^ 

FeCOa T 425° C. - FeO 4- CO2. 

If now free sul])hur is liberated in the immediate vicinity 
FeOTC-l S- FeS 4- CO. 

This ferrous sulphide cannot be broken up by heat alone, but only 
by roasting in air or interaction with silicic acid, for as jiointed out by 
Segcr,^ silicic acid at liigh temperatures has the power of di'^placing all 
other common acids, and combining with their bases to form silicates. 
It thus h:is the power to reidace ‘Sulphuric acid, and the sulphur of 
sulphides. He found that a bisilicate glass mixture, saturated with 
sulphates, showed 4% sul))huric acid, while the same glass with one 
more molecule of silica added and melted at the same temperature and 
under same conditions contained Init 2Vo sulphuric acid. Now, in 
raising the temperature of burning, the fusing matiix of a clay becomes 
more siliceous, resulting in the exjiulsion of sulphur. 

The diagram, Fig. lt)a, shows the rate of expulsion from the Odumbus 
shale tested by Orton ami Staley 


^ See also Ries, N J. Gcol. Surv., p. 11)01, and (lypsum, this book. 
* Orton, Trans. Anicr. (’eratn. Soc., V, p. 400. 

•Collected Writings (Translation), II, p. 646, 1902. 

•L 0. 
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Phosphoric acid.— This substance is rarely (letcrmincfl in clays, 
though it is not unlikely to have a wide distribution. It might be 
present as an ingredient of either amorphous or crystalline phosphate 
of lime, or of vivianite, the })hosphate of iron, or perhaps even other 
phosphates. 

In West Virginia it was found in all the clays examined in the labora- 
tory of the Geological Survey.^ About one quarter of the clays showed 



Fig. 19a. — Curves showing influence of the carbon and iron on the rate of expulsion 
8ulf)hur. (After Orton and Staley.) 


only a trace, but in the others it varied from .04 to 1.09 per cent, with 
an average of .316 per cent. 

Whether such small amounts exert any recognizable effect in burn- 
ing is not known, but C. W. Parmclce“ stales that the presence of 
phosphoric acid in sufficient amount gives translucency to the ware, 
improves the color, and acts as a flux and vitrifying agent. 

With a slight increase in silica, the fusibility is increased, and the 

' W. Va. Gcol. Surv., IIT. p. 21, 1906, 

’Action of Phosphoric Acid in Body Mixtures, Trans. Amcr. Ceram. Soc., VIII, 
p. 238, 1906. 
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a.dditi()ii of linic or feldspar in small (pianlilic's also made the mixturB 
more fusible. 

Thus a mixture of the formula Al/h, .^OSiOo, .7 P2O5 showed 
marked trausluceney, but stood at rone LL One uith Al.jO;^, ‘2.S SiO 
.7 P2O.5 was half over, while a third with ..SK^O, APOj, 2.SiSiOo, .7P2O5 
was melted at the same cone. 


Soluble Salts 

Origin. — It has been pointed out in Chapter T (Origin of Clay) that 
m the decomposition of niineral gi'ains in clay soluble compounds are 
often formed. During the drying of the clay the moisture brings theso 
to the surface and leaves them there when it cva[)orates, thus forming 
a scum on the air-diaed ware, and sometimes a white coating on the clay 
after it is burned. Those found in the clay are (‘omrnonly sulphates ^ of 
lime, iron, or alkalies, and th.eir formation is generally due to the de- 
composition of the iron pyrite fre<piently contained in the clay. A much 
greater quantity of soluble sulphates will be formed if tlie pyrite is in a 
finely divided condition and evenly distributed through the clay, but 
soluble conq.ounds may nlso be formetl without the aid of pyrite, as when 
carbonates are set free by the deconqxisition of silicates, such as feld- 
spar. When tlic soluble com[)ounds have formed in the green clay their 
presence can often be detected by spreading the dug clay out to weather, 
which will result in their forming a crust on the surface of the mass. 

Their formation does not cease, however, when they are nunoved 
from the ground, for in some cases fresh pyrite grains remain in the clay 
after mixing, and if the clay is stored in a moist place these may de- 
compose, yielding an additional amount of soluble material. One means 
of preventing this would seem to be the use of the clay as soon as possible 
after mixing. 

In some ca^es soluble sulphates may be even introduced into the 
clay by the water used for tempering, for distilled water is the only kind 
that is fre/5 from soluble salts. All well and spring waters contain some 
at least, and if these flow or drain from clays or rocks containing any 
pyrite they are almost sure to contain soluble salts. Those flowing from 
lime rocks are usually “hard,” on account of the lime carbonate which 
they contain. Still another source of soluble salts in raw clay lies in 
some of the artificial coloring materials which are sometimes used. 

. ^ Orimslcy and Grout (W. Va. Geol. Surv., Ill) in their work on the W Va. claya 

found that some of the soluble .salts were unexpectedly high in AbOj and SiOj, and 
showed no sulphates. 
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Solu})le r,dtR broiiojht out in the drying of the clay are termed dryer- 
white, but do not differ in composition from those formed during burning 
and known as kiln- white. 

Soluble sulphates are sometimes formed in burning, through the 
use of sulphurous fuel, that is, coal containing more or less iron pyrite. 
When the coal is burned part of the sulphur in the [ yrite is expelled, 
and, uniting with tlie oxygen, forms sulphuric-acid gas (SO3). This 
passes through the kiln, and, if it comes in contact with carbonates in 
the clay, converts them into sulphates, because some substances, such 
as lime (CkiO), have a stronger atlinity for sulphur trioxide (SO3) than 
for carbon dioxide (CO2). 

It fre(|uently happens that clay ])roducts come from the kiln’ ap- 
parently free from any superficial discoloration or coating, but develop 
one later on if subjected to moisture. This tyj)e of coating is known as 
wall-irhitc. It may be derived from salts formed within the body of the 
w'are duilng buiming, and subseipuMitly brought to the surface by the 
evaporation of moisture absorbed during rainy w('ather, or it may 
come from the mortar, either by the direct introduction of. soluble 
salts from it, or by reaction between caiTonatcs of magnesium, potas- 
sium and sodium of the mortar, with calcium sulphate in the brick. 
This gives calcium carbonate. 

Mackler^ found that, in a series of fifty bricks examined, the sum of 
the sulphates of lime, magnesium, and alkalies varied from .0134 per 
cent to .7608 per cent. 

The coatings thus far mentioned arc all white in color. In some 
instances, however, the product becomes covered with a yellow or green 
stain, which is caused either by the growth of vegetable matter on the 
surface of the bricks, or by soluble compounds of the rare element vana- 
dium. 

Quantity of soluble salts in a clay.— The amount of soluble salts 
present in a clay is never very great, but less than 0.1 per cent is often 
sufficient to produce a white incrustation. 

Prevention of soluble salts. — The methods of prevention that have 
been suggested for dryer-white and kiln-white are: 

1. Use of the clay in its unweathered condition, or before the soluble 
salts have time to form. 

2. Use of the clay in a thoroughly weathered condition, thus per- 
mitting removal of solulde salts by leaching. 

3. Change the soluble salts to a harmless form by precipitation with 
barium compounds. 

‘ Toniiuhistrie-Ziotung, No, 43, 1904. 
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4. Prevention of concentration of salts on surface of brick by rapid 
firing. 

5. Removal of whitewash in the kiln by using a reducing flame. 

6. Coating of the brick with some combustible substance, as wheat 
flour or coal-tai‘, which burns away with a strong reducing action and 
removes the wlhtcwasli. 

Referring in more detail to 3, it may be explained that the sul)stance 
commonly added is either l)arium cliloride or barium carbonate. When 
barium salts come in contact with soluble sulphates, barium sulphate 
is formed, a combination which is insoluble in water. This is expressed 
by the first of the following chemical j-eactions if barium carbonate is 
used, and by the second if barium chloride is employed: 

1. CaS04-}-Bar()3--Ca(:03 f-Ba804. 

2. CaS 04 I RaCl 2 -raCL>-| BaSOi. 

We thus see that in both cases u'c get compounds which are insoluble, 
or nearly so. If soluble sodium compounds are present, the addition of 
barium carbonate, or bai'ium chloiade, will form (‘ither sodium carbonate 
or sodium chloride (common salt), but since both of these arc easily 
soluble In water they can be washed off without much trouble. 

Method of use.— As carbonate of biirium is insoluble in water, in 
order to make it thoroughly and uniforndy efh'ctive it should la; used 
in a finely powdered condition and disti'ibuted through the clay as 
thoroughly as possible, because it will otdy act wdiere it comes into im- 
mediate contact with the soluble sulphates. "While only a small (]uan- 
tity of barium is necessary, still it is desirable to use somewhat more than 
is actually required. 

According to Gerlach,^ a clay containing O.l per cent sulfihate of 
lime, wdiich is the same as 0.1 grams })(‘r pound, would iK'od O.G of a 
gram of barium carbonate })er pouml of clay. For safety, how'cver, 
6 or 7 grams should be added to eveiw ])ound of clay. This would bo 
about 100 pounds for every thousand bricks, based on the supposition 
that a green brick weighs 7 pounds. As a pound of barium carbonate 
costs about two and one-half cents, the amount of it re(juircd for lOOO 
bricks would be $2.50. It is chi'aper to use barium chloi'idc, for the 
reason that the salt is soluble in water, and hence can be distributi'd 
more evenly with the use of a smalh'r (juantity; the chemical reaction 
also takes place much more rajndly wiam it is used. There is this objec- 
tion to it, how^ever, that as near the theoretic amount as possible must 
be used; for if any remains in the day unchanged, that is, without hav- 


Tho Brickbiiildcr, 189S, p. .W ct s(*(|. 
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ing reacted with the soluble salts, it may of itself form an incrusta- 
tion. 

In the case of a clay containing 0.1 per cent calcium sulphate it 
would require 26 pounds of barium chloride per thousand bricks, and 
this, at two and one-half cents a })Ound, would mean an outlay of $0.65. 
With the barium-chloride treatment, chloride of lime is formed, but this 
is decomposed in burning. 

8ince, in drying molded-clay ol)jects, the evaporation is greatest from 
the edges and coiners of the ware, the incrustations may be heaviest at 
these points, Init the more ra]>idly the water is evaporated the less will 
be the quantity of soluble salts deposited on the surface. Incrustations 
which appear during drying are found more commonly on bricks made 
from very plastic clays, which, owing to their density, do not allow the 
water to evaporate tiui(‘kly. 

Remedy for wall-white.— This is more difficult, but consists primarily 
in preventing entrance of moisture to the walls. It is suggested to 
make the walls as inqiervious as possible by the use of well-burned 
brick, and proper drainage and watm-proofing of the foundations. If 
the efflorescence appears, the walls may bo painted so as to cover the’ 
efflorescences, but it may then jieel off in damp spots. A coat of paraffine 
or linseed oil will conceal the white coating somewhat, but also darken 
the brick. They should also be made water})roof if possible. 

References on soluble salts.— Those desiring to look up further de 
tails are referred to the articles listed below 

Segers’ Collected Writings (translation), I. 

Efflorescence on terra cotta, j). 376. 

Influence of sulphur in fuel, p. 369. 

Yellow and green efflorescence on bricks, p. 381. 

Use of barium com{)ounds, p. 396. 

Action of “water” in burning clay wares, p. 213. 

Guenther, Uaumaterialienkunde, I, p. 386, 1896. 

Macklcr, Tonindustrie-Zeitung, No. 43, 1904. 

Gcrlach, Brickbuilder, 1898, p. 59. 

Jones, Trans. Amer. Ceram. Hoc., VIII, p. 369, 1906. 

Lovejoy, Ibid, VIII, p. 255, 1906. 




‘J , , 



CIIAITKR II [ 

PHYSICAL PROl’ER'l'Il'S OF CLAY 

Introductory. — Under PLysicul Proport i('s llion' are incliidod pliis- 
tviity, texture, tensile stnui^^tli, shrinkai;(‘, porosity, specific };ruvjty, 
fusibility, color, slaking, absorption. 

Plasticity 

Definition. — Plasticity is probably by far the most important ])io|)orty 
of clay, lacking which it would be of comparativ(‘ly httk' vahu' for the 
• manufacture of clay products. So^ori has di'lined it as the property 
which solid bodies show of absorbing and holding a li(|uid in their pores, 
and forminji; a mass which can b(‘ ))r(‘ssed or kneadc'd into any desiic'd 
shape, which it retains when the pn'ssure c('ases, and, on tlu' withdraawl 
of the water, ^ changes to a hard mass. The t(‘rm hard of course' reh'rs 
to its hardness as compared with its w''t condition, f(»r some air-dried 
clays are rather sf)ft. 

This is a somewhat narrow' interpn'Lition of the pro])erty of plasticity, 
and one which would practically exclude; anythinj^ except very ])lastic 
clays. 

A broader conception, and iwobably a more satisfactory (jne tf) the 
physicist, would be to define jilasticity as the projH'rty which many 
bodies possess of chanjiiinn; form under ])ressur(', without rupturinp^, 
which form they retain when the jiressure ce'ases, it bein^^ understood 
that thp amount of jiressure required, and the de^^rec of deformation 
possible, will vary with the material. 

Plasticity is not a property of clays alone, for, as pointed oul. by H. 
Zschokke'"^ in connection with his study of the mi'thods of testiiif;: it, 

‘ Bezlchungpn zwischciiFou(*rf(;.-i<if?la‘it iiiul PlasticiLit dcr Tout'. -Toiiiadustrie- 

Zeitung, 1890, p. 201. 

^ By evaporation. 

» Tonindustrie-Zeitung, No. 120, p 1058, 1905; and Banmaterialionkunde, 
1902 No. 24, 25-26; 1908, Nos. 1-2, .‘M, and 5-6. 
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other bodies, such as lead and wax, are plastic in their natural condition 
at ordinary temperatures, while copper, steel, and glass are plastic at 
higher temperatures. 

Others, like clay and some mineral aggregates, are plastic only when 
wet, but even then vary greatly in their plasticity. * 

Some writers on clay, in attempting to give examples of plastic and 
non-plastic bodies, have sought to compare clay and sand, stating that 
the latter, even when fine-grained and wet, shows no plasticity; and, 
while it is true that a very fine-grained wet sand, or a finely ground 
mass of quartz, does not under pressure show the same amount of deforrn- 
ability without rupture as clay, still it shows some,^ and the question may 
be asked whether both are not classifiable as plastic bodies, the one bu.t 
slightly plastic and the other highly so. It is indeed possible to get a 
series of sam])lcs showing a complete gradation from a highly plastic 
clay to a but slightly plastic ground (piartz. Tlie latter will moreover 
hold its shape when dry, even though it will stand jn-actuially no handling 
without breaking. 

Instead, therefore, of intimating that plasticity when wet is a property 
peculiar to clay, it would perhaps seem more correct to state that* this- . 
property is highly developed in clays as compared with other earthy and 
sandy materials of very fine grain. 

The amount of water required to develop the maximum ])]asticity 
in any clay varies with the material, this being shown by Wheeler ^ 
for a number of Missouri clays and shales, as follows: 


Kind. Per cent.* 

Loess, or brick-clay 16-19 

Fire- and potters’ clay 15- .‘13 

Flint-clay 15-24 

Kaolins 35 

Shales 14-25 


An important character, closely dependent on the degree of plasticity 
exhibited by finely textured mineral aggregates, is the assurnijrtion of 
a more or less hard condition when dry, the degree of hardness increasing 
usually with the plasticity. 

Hardening- on exposure to heat is not necessarily a function of 
plasticity, but is due to the particles softening by fusion and becoming 
welded t ogether. In those highly plastic mineral aggregates (our most 

’ See (3. P. Merrill, Non-niel.'illie Minerals, p. 221. 

’Mo. Geol. Surv., XI, p. 98, 1899 

’ It may be noted here that li(|uid8 like absolute alcohol, ether, petroleum 
ether, benzole, etc., do not bring out the plasticity in a clay. 
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plastic clays) this hardening takes place at a comparatively low t(Mnj)era- 
ture, because the particles are very fine-grained and come into the clos(\st 
contact, thereby facilitating heat reactions; while, in the coarser-grained 
oijes, the particles are not only more or less scfiarated by interspaces, 
but there are more quartzose grams, which of themselves are refractory, 
and therefore heat rea(!tions occur at higher temperatures, or else, if 
any fusion occurs at a lower heat, it is insufficient to bind the mass 
together into an impervious body. 

Cause of plasticity in clay. — Scientists have for a long time sought 
to discover the cause of this most interesting physical property, and, 
while many theories have been advanced, none are wholly satisfactory. 
The more important ones are refernvl to below. 

Water-of-hydration theory.- It has been held by many that the 
plasticity of a clay stood in close relation to the hydrated silicate of 
alumina,' kaolinite, and that, when (he water of combination of this 
mineral was driven off, the plastii; (|uality of the clay disappeared with 
it. Indeed, so firm a hold has this theory obtained that even to the 
present day it is still (juoled in many instances. 

** \^hile it is true that heating the clay to a sutlicienlly high tempera- 
ture to drive off the chemically combined water causes a loss of its 
plastic qualities, still these, so far as known, stand in no relation whatever 
to t-lie amount of kaohnitii presimt, and it is more probable that a temjiera- 
ture necessary to drive o(T the watiu' of combination may also lireak up 
other structures closely related to the plasticity. Then, too, sonu! of 
the most highly plastic clays contain but a very small percentage! of 
the hydrated silicate of alumina. 

As bearing against the hydration theory, we find that two clays of 
practically identical composition may differ widely in their plastic 
qualities. Thus, for example, a white residual clay from Webster, N. C., 
was found to be decideelly less plastic than a white sedimentary clay 
from Edgar, Fla., although the two agreed closely in tlu'ir chemical 
composition and contained over fiS p(‘r cent of clay substance.- 

Texture theory. — Among the tlu'ories advanced to ex])lain the 
cause of plasticity is that of finene.ss of grain. Mr. Whitney, for example, 
in studying soils, has designated as clay all tho.-e portions which were 
under .005 rnm. in diameter.-^ 

While it is true that the clayey ])articles of clays consist of grains 
of all sizes below the limits mentioned above, still plasticity can not be 


* \inotiK others Vogt, Bull <1. 1 >^o(‘ dVnrour 1 lud n:it , isn7, p (tt.h 
2 ku's, Md (leol. Surv, IV, p 24.S, )‘.M)2 Souiuan ((’Iumu (Vutralhl , 1S90, 
E descrillcs a highly plastic clay A\hich coidaiiis practically no hut shous, 

Igri 7 Of)’ ZiiO. SiO;, .i5 21); ('uO, I 80, AI/)„ 1 01 

Mechanical Analysis of Soils, Dcid. of Agric , Bur. of Boils, Bull. 4 , p. 15, 


1890. 
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explained on this ground alone. Very finely grouhd quartz, feldspar 
or mica, are slightly plastic, but not nearly as much so as most clays. 
Moreover, the finest -grained clays are not always the most plastic ones. 
Wheeler ‘ has noted that samples of quartz and limestone ground suffi- 
ciently fine to pass a 2()()-niesh sieve felt plastic when wet, but fell to 
pieces when dry, and the same results were obtained by Orton 2 with 
glass ground to (ixceeding fineness. When we recollect, however, that 
clay jiarticles are smaller than .0001 mm., 0.02 in. (0.50S mm.) is not 
sufliciently fine grinding for testing the accuracy of the theory. That 
fineiK'ss no doubt exerts some influence on plasticity is evidenced by 
the fact that fniiiy plastic clays can often be rendered more plastic by 
fine grinding, and the addition of sand is said by Heyer and Williams to 
injure plasticity directly as the diameter of the grains increases.^ 

On the other hand Wheeler found that finely ground gy})sum and 
brucite had considerable binding power and plasticity, but in this case 
the plasticity was not ascriiied to fineness alone. 

In this connection w’o may point to the researches of Daubr^'^e, wdio 
claimed that feldspar, ground wet, gradually became plastic if allow’cd to 
stand, but that dry-ground feldspar lacked plasticity, and from this 
Olchewsky has reasoned that it is prolonged contact of tlie mineral 
grains with water during their sedimentation that develops plastic 
qualities in the mass. 

A somewhat unique modification of this theory has been proposed 
by E. Linder who considers that the particles are of extreme fineness, 
and that weathering produ(*es veiy long or round particles, the former 
giving greater contact surface, and thereby increasing the surface tension 
and the plasticity. He also believes that if clays have rounded particles 
they will burn dense only at liigh temperatures, while in those clays 
whose particles are elongated the reverse occurs. 

Plate theory.— Johnson and Blake ^ advanced the theory that most 
plastic clays seem to be composed largely of small transparent plates, 
which were buiuJicd together. They state: 

“We have examined microscopically twenty specimens of kaolins, 
pipe- and fire-clays. ... In them all is found a greater or less propor- 
tion of transparent plates, and in most of them the plates are abundant, 
evidently constituting the bulk of the substance. 

‘ Mo. (look Siirv., XI, p. 102, 1806, 

2 Brick, Vol. XIV, p. 216. 

5 la, (ii'ol. Surv., XIV, p, 86, 1904. 

^Tonindiistric-Zoitunf];, XXXVl, p. .382. 

® Amer. Jour. Sci. (2), p. 351, 1876. 
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The plasticity of a clay is a physical character, and appears to have 
close connection with the fineness of the particles. The kaoliiiite of 
Summit Hill, consisting of crystal plat(‘s averaging .003 of an inch in 
diameter, is destitute of this qualit3\ The nearly pure kaolinite from 
Richmond, Va., occurring mostly in bundles of much smaller dinuMisions, 
the largest being but .001 of an inch in diameter, is scarcely j)lnstic. . . . 
The more finely divided fire-clay from Long Island is more ‘fat,’ while 
the Rodenmais porcelain earth, and other clays in whicli the bundles 
are absent and the plates are extremely small, are highly plastic.” 

Other investigators appear to have attributed the cause of the jilas- 
ticity to these plates, for this same view was advanced in JS7S by Jfii'der- 
roann and Herzfehl.i and in this country a similar view^ W'as lu'ld by 
Cook, 2 wdio considered the plasticity to b(‘ due to the plates of kaohnite. 
He noted the bunched character of tlu'se in some clays, and pointi’d out 
that attrition broke up these bunclu's and increased the jilasticity. 

Haworth,'^ in examining the Missouri clays, fiamd the most jilastic 
clays to be composed of minute sc-ales, and Wheeler* souglit to piove 
this point experimentally by linely grinding miiK'rals ))ossessing a ])late- 
#ke ST. ructure. ('alcite and gypsum when linely grouiul were lound to 
develop good plasticity when mixed with water, and to have tmisile 
strengths when air-dried of lOt) and 37)0 lbs. per sip in. respi'cl ively. 
Talc an I pyrophyllite were liki'wise plastic when linely ground and 
mixed with waater, but develojied hllh' strength when dry. 

Interlocking-grain theory. -Olchewsky was probably the first to 

suggest that the iihisticity and coIk'sIou of a clay were ilejaMuhait. on 
the interlocking of the clay particles and kaoliniti^ plates, and in this 
connection used the brirpielte nughod of testing the jilasticity, or rather 
obtaining a numerical expression for it, by determining the tensile 
strength of the air-dried clay. 

More recently two Russian invivstigators, U. yVleksiejew and P. A. 
Crerniatschenski, in studying thi' Russian clays** have come to the con- 
clusion that plasticity is due not only to the interlocking of llu' clay 
particles, but varies also with the fineness of the grain, the extreme 
coarse and fine ones both having less plasticity. 

If the tensile strength of a clay depends on the dc'gn'c of interlocking 

’ Biscliof, Die Fciu'rfcstcai Thoac, p ‘J3, also Ilussak, Sprctlif^cal, J88ii, p. 

^ N. J. (tool. Surv , Report on (Tiy^, 1S7S, p, 287. 

’Mo. Cwol. Surv., Vul. XI, p. loT, 

♦Ibid , p. 10(), 189G 

» Topf. u. Zieg, Zeit., No. 20, 1882. 

"Zap. imp. riissk. tcchn. obschtscli , 189G, XXX, pt. G-7. 
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of the clay particles, then the tensile strength should afford us a means 
of expressing numerically the plasticity of the clay. It appears, however, 
that there is no such constant relation between these two properties. 

Ball theory. — Aaron suggested that the plasticity of clay was due 
to the presence of globular particles, but Zschokke has with reason 
disputed this, on the ground that if the grains were of this form they 
would, when in closest contact (as when air-dried), touch at the fewest 
number of points, — a condition, therefore, not favorable to the great 
cohesion which exists between the grains of highly plastic clays.' 

Colloid theory.— In the last thirty years not a few observers have 
called attention to the fact that many clays appear to contain grains 
of non-crystalline material, which is apparently of colloidal character. 
It is believed that these colloids, or glue-like particles, which arc mixed 
with the mineral grains, form one cause of jilasticity, in fact the main 


one. 

As this theory, or a modification of it, seems to have ajipealed to 
many investigators, it may be well to discuss it in some detail. 

The presence of colloids in clay was suggested at a comparatively 
early date, for Way^ in 1850, while endeavoring to explain the* 
absorptive powers of clay for water, found that this property was destroyed 
by exposure to high heat, and considered that it was due to some peculiar 
form or modification of aluminum silicate which formed the clayey or 
impalpable portion of the soil. In searching for evidence he was able 
to prepare an artificial hydrated sodium aluminum silicate which jics- 
sessed high absorptive properties. 

At a somewhat later date (1893), Van Bcmnielen'^ announced, as 
the result of his investigations on the inorganic colloids or hydrogels, 
that “nearly all metallic oxides and many salts have the power of entering 
into that peculiar hydrated, non-crystalline condition which Graham ^ 
in 1861 denominated colloid or glue-like. The special hydrogel which 
Van Bemmelen studied most minutely was that of silicic acid, although his 
researches included the oxides of copper, tin, iron, aluminum, etc., etc. 
As a result of these extensive investigations the author cited adopts the 
suggestion of Nageli of the micellian structure of colloids, that is to 
say, that these curious substances consist of heterogeneous molecular 


‘See also Woli, Tonindus -Zeit., XXX, p 41, 1901), and llohland, Sprechsaal, 
XXXIX, p. 758, 1900. 

2 Royal Agric. 8oc. Jour., XI, 1850. (Quoted by Cushman, Trans. Amer. Ceram. 

^ Zeit.schr anorg. Chem , V. p. 400; XIII, p 2.4.4; XVIII, 1^14; 

XXII, p. .41.4. (Quoted by (’ushman. Jour. Amer. Chem. 8oc., XXV, No. 5, May, 

Phil. Trans. (1801), p. 183. Quoted by Cushman, l.c. 
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complexes which possess a submicroscopical, w'cb-like, porous formation, 
one of the distinguishing characteristics of which is the peculiar relation 
to and dependency on water wliich they exliibit. The wat('r-content 
of these hydrogels varies continually with the tenijjerature and the 
vaf)or pressure of the atmosphere in which they find themselves. Dried 
at hi^h temperatures up to a certain critical point, they will lose lU'arly 
all their water, only to take it back again eagerly when allowetl to cool 
in free air or in moist atmospheres. This dehydration and rehydration 
can be repeated indefinitely, unless the temperature of drying is carried 
too high, when the faculty is gradually lost and finally destroyed. 

“The water thus absorbed is denominated Dnicellian ’ water, and 
differs from hygroscopic water in the ordinary sense; of the W'ord. It is 
absorbed into the particles of a ])owder of iin inorganic hydrogel without 
changing the physical appearance; w'hen under the microse‘o])e, wliile 
hygroscopic water is usually absorbe;d e)n the j)articles produe'ing a 
distinct appearance of \vetne;ss.’' 

Among the ingredients e)f clay which might assume a colloidal form 
are aluminum hyelreexide, iron oxiele, hydrate;el silicic aciel, and organic 
^ ]j]jittetf. Some clays undoubteully contain large amounts of colloiels, 
but in e)thcrs, as in many common clays, it is eTaimeel that there is but 
a small proportion of ingre'die;nts which are capable e)f assuming the colloid 
state by the action e)f the wateT alone. ^ 

Schle)ssing - states that in all kaolins there are finely crystalline 
substane;cs anel ce)lloidal ones, which Iatte;r he separated by treatment 
with aminoniacal waiter, and found them to l)e singly refracting, globular 
aggregates, but Kasai,^ on the other hand, disputed tlie existence of 
colloidal matter, for ho finds that the apparently colloidal bodies of 
Zettlitz kaolin arc doubly refra(;ting. 

Still later P. Rohland ^ suggested the colloidal nature of plasticity, 
while Van der Bellen ^ a little later expressed a similar view. 

Lucas‘S in commenting on Rohland’s observation calls attention 
to the fact that Zettlitz kaolin must have some colloidal matter because 
it flows freely through a die, and regards as significant the fact that a 
non-plas*tic crystalline powaler wall, under jjre.ssure, allow' the water to 
be squeezed out, and will only form a plastic mass when tragacanth is 
mixed with it. 

‘ la, Gcol Siirv., XIV, p. 90, IIM)! 

* Comp, rend. 1874, LXXIX, pp. 870 and 473. 

* Dio Wasserhaltigen Aluminum Silikatc. I)i.s.s. Munclicn, IHUO. 

^ Zeitschrift fur anorgani.scho Chemie, Vol. XXXI, Pt. I, p. l.'jS, 1902. 

»Chcm. Zeit., XXXVl, 1903. 

® Geol. Centralbl. f, Min., Geol. u. Pal., No. 2, p, 33, 190G. 
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The theory of Olchcwsky that phistieity was due to the spongy 
porous nature of tlic sinaliest particles, which by reason of pressure 
arrange themselves into a sort of felt, may be regarded as admitting 
the presence of colloidal matter, but of more definite character are the 
statements of Arons ^ and Bischof, who suggest that plasticity was no 
doubt due to some special form of hydrated aluminum silicate, while 
Seger^ remarks further that there is probably some eflective nx;lc(ular 
arrangement, which was already fixed in the structure of the parent 
rock. 

In this country the colloid theory seems to have received little f.ttcn- 
tion. In studying the clays f)f Maryland the author noted the presence 
of what he assumed were colloidal bodies in the highly plastic cla}s, 
and the subject has been followed up in greater detail by (ushmah,'* 
who believes that plasticity is due to a “colloid condition of the fine 
particles, or of some })roportion of the particles which go to make up 
the clay mass. These amorphous inorganic particles possess a sub- 
microscopic structure, ddiey absorb water eagerly, and gradually 
assume the coherent condition which causes in the wet mass the quality 
we call plasticity,” 

In order to prove the existence of colloids in clays, C’ushman ® pro-' 
pared sf)me silicic acid. This jelly dries rapidly to a ]X)wder, which 
is hydrated and l().ses or gains water with changes in the moisture content 
of the atmosphere in which it stands, but if heated above 1000° C. it 
loses its absorptive power. Hydrated colloid alumina was also prepared 
artificially. 

On mixing the former with clay*'' it was found that the silicic acid 
increased the binding power and shrinkage but not the plasticity; while 
the alumina incrcasiM the plasticity but not the shrinkage or binding 
power. 

A mixture of the tw'o, prepared by adding sodium silicate (water 
glass) to the solution of alum,^ showed that its addition to a clay increased 
both its binding power and plasticity. 

Ries ^ found that the addition of one per cent gallotannic acid to a 


' Dainmor, Clurn, Tech,, I; Notizbl, IX, p. 167. 

^ Tonindusl rio-Zeitung, p. 37, 1877. 

® Md. Gcol. 8urv., Vol. IV p. 251. 

Jour. Ainer. (diem. Soe., XXX, p. 5 . 

^ Trans. Amer. Cer. Soc., VI, p. 7, 1904. 

® I’he percentage added is not given. 

’ The suggested formula of this mixture is XAljOgjYSiOj.ZHgO. 
® Trans, Amer. Cer. Soc,, VI, p. 44, 1904. 
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clay appeared not only to increase its plasticity hut als() its 
power. 

Groiit^ by using a dilute solution of agar-agar for t(an{)ering two 
clays found tliat O.OS per cent increased tlieir jilasticity approximately 
60 and 36 per cent respectively. 

He dried the same mass, mixed it with water, liltered off the lallcT, 
and tested the clear filtrate for solulile salts, but got no jelly, which 
was [irobably due to the fact, overlooked by liim, that the clay adsorbs 
the colloidal material. (See Adsoiption.) 

Alumina cream was tlien tried instead of agar-agar, and it was 
found that it took 3 per cent of the former to raise (he plasticity as much 
as 0.08 per cent of the latter; furtlu'rmore, after air-drying, powdering, 
and remixing, the plasticity of the mass droppi'd to its original (iginv. 
Grout cons('(pi('nt ly argiU's that sima' jilastic clays are not injui'c'd by 
air-drying, it is evident that “such colloids as alumina cream do not 
explain jilasticnty, and that some colloid is n'lpiired which will soften 
in waiter after air-drying, a type which is extremely ran' in the inorganic 
kingdom.” He says further: “Tli(‘ suggestion of (’ushman, that a 
4^iftrate*l silicate of alumina could be ]>r(’cipitated so as to give the 
desired projierties, has beim carefully tried, Imt all n'sulteil exactly as 
alumimi cream.” 

Grout, mon'over, (piestions the value of detecting colloids liy staining 
with methylene blue, since he finds that most clays contain from 1 to 5 
per cent of grains which will take a stain from methyk'iK' blue, gentian 
violet, eosine, or fuchsine. Both frc'sh and drii'd silicic-acid jelly ho 
states take the stain, but the latti'r acts hk(‘ r|Uartz in decrixising the 
plasticity. Weathering, he furth(‘r claims, does not incn^asi* tlu' number 
of grains cajiabk' of taking the stain. 

It w'ould apiiear from W’hat has Ixam said that- most clays contain 
(1) both non-plastic bodies or grains, of either crystalline or amoiphoiis 
character, and (2) colloids, wliich appear to at least- influen(*e the 
plasticity. 

The i^ore n'cent work of Asliley- and Davis has drawn attention 
to the importance of colloids in clays. 

On the contrary, it would setan nec(‘s.sary to add them to .some fine- 
grained mineral aggregate of exciaalingly low plastic (pialities, and 
by this addition be able to change; it into a thoroughly plastic mass. 

A mass of colloidal material by it. self does not show' the .solidity and 
cohesiveness which a strongly plastic clay does. It is as if it lacke'd 

‘ W. Va., Clcol. 8urv., Ill, lOOU 

* Ashley, U. 8. Cicol. 8urv., Bull. .‘ISS, lOOt); Divis, .Anicr. Inst. Min. Jyigrs., 
LI, p. -151, 19 It). 
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sonu' internal structure, such as a mass of mineral grains 

might supply. 

Molecular-attraction theories. — Several writers, to ))e referred to 
below, linvo inrliiK'd to the theory tlnit the })histieity of ehiy wns due 
to ?Mol('ciiiar attraction hetucMui the clay particles themselves or between 
the clay grains and water surroiuiding them. 

Laddd as a n'sult of his work on the Ceorgia clays, advocal(“S the 
theor\’ that tlu' mutual attraction between water and clay particles, and 
sui‘fac(‘ t(Mision of tlu' water-films, may exert an im})orlant infliuaice in 
determining |)lasticity. 

The alllnity of the clay partich's for water will, however, vary with 
their cln'mical natuny- and particle's of the same material have a varying 
aflinity, iindc'r dilferent. conditanis not now' wc'll understood. i\lor('o\('r, 
salts and organic matter, in solution, modif\ the value of tlu' surface 
te'usion of the liejuid, the former g(‘nerally incre'asing, tlie latti'r de'cri'asing. 
This latter see'ins an important ])oint for all clays containing a vai’iablc 
quantity of soluble matter. 

The importance of molecular attraction l)etw('(‘n tlie clay substance 
and watei- was looked on by Zschokke as an important cause of jitastirity*, 
he having pointe'd out that siiu'e (*lay parti(*l('s are plastic bodie'S, they 
have greater attraction for wat(‘r than non-plastic grains such as sand, 
and that therefore the grains will lu' surrounded by a thick(*r tilm of water 
than sand-grains would Ix'. The addit ion of an excess of water sc’parates 
the clay-grains so far that tlu'V are no longer able to attract (‘ach other, 
and the mass loses much of its cohesiveness. Moreover it is thought 
that the ;d)sorpt ion of tlu' water into the poi-('s of tlu' clay is accompanied 
by a superficial alteration of the clay partich's, giving them a gelatinous 
coating, w'hich pei-mits them to change their form and at the same time 
keep in close conta<*l; a ])oint which is rather corroboiatc'd by the 
experiments of ('ushnian ^ and Mellor.'^ lie tinally .suggc'sts that ])las- 
ticity must b(' depenclent on (1) the si/e of the smallest ])articles; 
(2) the form and character of the surface; and (d) other pei'uliar properties 
possibly of a mok'cular character. 

drout,*’’ reasoning along somewhat similar lines, Ix'lieves that the 
chief cause of plasticity is the moh'cular attraction d('p('nding on the 


1 (ia. (Icol. Siii\., Hull, (ia, p. 21), ISDN. 

^Whitney, 1. H. l)c{)t. of Agric., Hull. No. 4, 1X1)2; Hriggs, ibid , Hi 11. 10, 1S97. 
* 1. c. 

' Hull. V. S. Dept. Agric., 1)2, 11)05. 

6 Trans. Eng. (Vrain. Soc., V, IT. 1, p. 72, 1905-G. 

» W. Va. Cool. Surv., Ill, p. 51, 11)00. 
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chemical constitution of molecules, but that it may be improved by the 
addition to the clay of colloids such as tannin, etc., or such solutions as 
ammonia, aliLii, etc. 

While several of these theories — plate structure, colloids, and molec- 
ular-attraction theory— have much to commend, still there seem to 
be serious objections in many cases against their being the sole cause of 
plasticity. 

It is urged that many clays show little or no plate structure, and 
yet the evidence of Vogt (p. 47), Cook (]). OS), and Wheeler (p. 98) 
certainly indicate that it must at least be a factor governing the plastic 
qualities of many clays. 

•/ > "'Ugh the colloid theory may be discarded by some, still the 
experiments of Cushman (p. 101), Kies (p. 101), and Crout (p. 102) 
point to its importance. 

The examination of any extensive series of clays liardly seems to 
bear out the theory that any one of the causes suggested is the sole one, 
but rather that plasticity is dependent on a combination of them. 

Effect of bacteria. — Aging a clay mixture, that is, allowing it to 
•lie ill cellars for six months or a year, appears to improve its plasticity, and 
it has been suggested that this is due to bacterial action. Bacteria 
are not uncommon in clay, and the [)revalent one, according to Stover,^ 
is believed to be bacillus sulphureus, whose development is facilitated 
by a temperature of 37° to 3S° C. 

Seger, although not referring to bacreria, stated that in the aging 
of a clay an acid w'as gradually developed by organic decomj)osition, 
w'hich destroyed the alkalinity of the mass and w’as supposed to be 
responsible for the improvement in [)lasticity. 

Since bacteria are knowm to exist in clays, they may add organic 
colloids ([)rotoi)lasm) to it, and Iheix'by increase its plasticity. ^ 

Weathering clay. — It is a well-known fact that weathering a clay 
often increases its plasticity, but t his might be due to several causes, such 
as mechanical disintegration of the mass by frost, waiter soaking, the 
oxidatiofy)f organic matter, or to the production of colloids by hydrolysis 
or bacterial action. 

Grinding may sometimes improve the plasticity as much as weath- 
ering. 

Rohland states that it may be increa.sed: (1) By contact with 
spring or river water: (2) dccrca.se in temperature; and (3) addition 
of colloids.3 


’ Trans Ainer, Ceram. Soc , IV, p. 185, 1902. 
* W. Va. Cool. Siirv., Ill, p. 17, 1900. 

» Sprechsaul, XLII, p. 1371. 
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The Measurement of Plasticity 

Clays vary widely in llieir plasticity, ranging from those which are 
very lean or low in plasticity to those which arc very fat or of high plas- 
ticity. 

Clay tecdinologists have for a long time been searching for a satis- 
fact(wy means of measuring the plasticity of clays, but this seems to be 
as dillicult to find as tlie true cause of this peculiar property. 

The methods which have been developed fall into two classes, namely, 
tests of the wet clay and tests of the dry clay, the former being probably 
the more logical. 

Tests of the wet clay.— The commonest and most practical of 
these consists in feeling the clay between the fingers. It is not entirely 
satisfactory, but about the only one that can be used in the field, and, 
on the whole, gives us an important clue to the workability of the clay. 

Bischofi suggested forcing the wet clay through a cylindrical die, 
and measuring the length of the pencil extruded before it broke of its 
own weight, and a similar method has been advised by K. StoAi^r ^ 
but there are serious objections to this, because the clay should ])e worked 
up into its most plastic condition before testing, and there is no means 
of determining accurately when the condition of maximum plasticity has 
been reached. 

The use of the Vicat needle has also been suggested, the operation 
consisting in forcing a needle into the plastic clay by the pressure of a 
known weight. Langenbeck'^ states that the proper consistency is 
reached when the nee<lle under a weight of 300 grams penetrates to a 
depth of four centimeters in five minutes. The same principle is involved 
in Ladd’s t('st, which consists in suspending a plumb-bob from one arm 
of a balance and allowing it to settle into the moist clay for a given 
period."^ Both these methods suppose that the more water a clay 
recpiires for mixing the higher its plasticity, an assumption not altogether 
correct. 

Another method suggested by Ladd consists in having two small 
gPeet-iron troughs with perforated bottoms, in the center of which 
are set test-tube brushes, so placed that the ends of the brushes touch 


^ Die feuerfesten Thone, p. 84. 

^ 'Frans, Amor. (’er. Soc. VIl, p. 397, 1905. 
® Cheini.stiy of Pottery, p. 19. 

^ CJa. Cleol. Surv., Bull. Ga, p. 51, 1898. 
®Ihid,p. 52, 1898. 
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when the ends of the troughs are in contact. The dry clay is sifted 
into the brushes and water absorbed from below until the ])oint of 
saturation is readied. The imll required to tear tlie column of day 
between the brushes is measured by jilacing weights on a scale-pan 
attached to one of the troughs until the two separate. 

The criticism urged against this method is that it gives little informa- 
tion regarding the ])lasticity, but measures the strength of the day 
through different degrees of saturation.^ 

A somewhat detailed investigation is that of Zschokke.- According 
to him, it is necessary, in testing the plasticity of a clay, to consider (I) its 
property of deformability; (‘J) its degree of cohesion; (3) its stii‘kiness or 
adhesiveness. 

The degree of deformability was first tested by molding the thoroughly 
worked clay into cylinders GO mm. high and 30 mm. in diameO'r, and 
subjecting these to pressure a[)pli(‘(l at the ends until cracks apjieared, 
but this was found to be unsatisfactory, as some lean sandy days were 
deformed more than highly jdastic oiu-s. 

A more satisfactory method consisted in placing these freshly moldi'd 
tiylihders in a speedily designed macl'ine and pulling them in two. 
The amount of expansion showed the degree of deformability, while 
the force required to pull the cylinder in two showed the tensile strength. 
The [iroduct of the two Zschokko terms the plasticity coeflicient. It. was 
found that higher figures were obtained by stn-tching th(> bar rajiidly, 
or by a succession of short rapid strokes. The following figures illustrate 
these points. 


Run'uuK I''xiaa{i.\iENTs 



Slow pull. 

.Terky inill 

I’fT cent, 
H,() 
leg. 

No. of 
sam pip. 

Tensile 
stretiKih ;9 
k^in iier 
.sq. cii'. 

Deffirtna- 
bility ^ in 
[ler cent. 

I’lastiniy 

coedieicnt 

'IViiMle 

s| roiiKt li ,'i 
kKrn per 
sq crii 

l)«‘foi ina- 
bility A in 
per cent 

l’la>tieity 

eiH'irunent 

3L 

269 

• 66 

70 

44 1 

1 73 

127 

220 

29 8 

250 

4S 

28 6 

13 7 

1 . 52 

97 

147 

22 9 

66 1 

42 

18 4 

7 7 

.96 

91 

87 

26 0 

901 

36 

17 4 

6 3 

.93 

82 

76 

21 8 

705 

.27 

33 4 

9 

86 

94 

81 

20 8 

507 

25 

20 

5. 

.96 

90 

8(; 

20 8 

702 

.20 

8 () 

1 7 

76 

73 

55 

23.9 

666 

.08 


1 

20 


1 

21 8 


’ la. (icol. Surv., Vol. XIV, p. 100, 1904. 
M. c. 



132 


CLAYS 


Comincnlini; on the results of his tests, Zschokke states that in 
very ])lastie elnys there appears to be a slight amount of elasticity, so 
that it is necessary to distinguish between elastic and permanent changes 
of form. „ 

The reason for the change of shape, without rupture under pressure, 
is considered to be as follows: 

Given two moist sand-grains in contact. Since these are not plastic 
bodies, they have but little absorptive power for water, and are therefore 
covered by but a thin him of the latter. If these two grains are slowly 
drawn apart, the water him binding them together is soon ruptured. 
On the other hand two moist-clay particles will be surrounded by a 
thicker layer of water because of thiar greab'r attraction for it, ‘and 
these two can be .separated much farther without rupturing the mass. 

Now the cylinder of moist clay can be considered as being composed 
of a great number of clay particles surrounded by w'ater, and the smaller 
the size, and greater the number of partich^s of clay substance in the 
mass, the more intimate wall be the attraction between clay and water. 
With an increase in coarseness of texture, and corresponding /lecrg^se 
in WMter-content and (tohesion, there wall be a depression of the ten- 
sile strength. While an excess of waiter may depress the tensile 
strength of the soft clay, still very idastic clays, although showing 
higher cohesiveness. than lean ones, have a higher strength, which 
Zschokke believes indicates that there is an intimate relation, of either 
chemical or physical character, between the clay substance and ad- 
mixed water. 

Grout,! in his work on the West Virginia clays, arrived at conclusions 
somewhat similar to those of Zschokke.- lie considers that plasticity 
may be considered as involving tw'o variable factors, viz., (1) amount 
of possible flow before rupture, and (2) resistance to flow or deformation. 
Plasticity, he says, “increases in direct proportion to each of these fac- 
tors, and is therefore equal to the product.” 

He measured the plasticity by carefully mixing and tempering 
the clay, and then forced it into a thin-wailled metal cylinder three 
fourths inch in diameter. A plunger forced the clay through this die, 
and the bar of clay was cut into two-inch lengths. 

These small cylinders were placed vertically under a movable plate 
and pressure applied, the amount necessary to compress it one half 
centimeter being taken as the measure of resistance to flow or deforma- 
tion. 


W. Va. Geol. Surv., Ill, p. 40, 1906. 
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The cylinder was then further o(>ni})resse(l until the np])oaraiu*e 
of cracks at about 45 dci’rees to tlu; vertical line, and this was eonsideied 
the point of fracture. \'ertical cracks, due to tc'usion as tlie <*vlinder 
“expanded, were disregarded, and an irregular swelling of the cylinder 
under pressure was an indication that the mass was not imiform.” The 
amount of How was measured by the increase in area of the head of 
the cylinder. 

The resistance to flow was haind to be more satisfactorily measured 
by use of a Vicat needle; a needh' of seven scjuare mm. (i| in.) was us('d, 
and weight determined which w’as necessary to cause the needle to sink 
three centimeters in ] min. 

Tests of dry clay. — Of the dry methods, the tensile-strength lest 
is the best known. It is made by molding; the wet clay into Ijrupiet t(‘s, 
and testinii; the tensile strength of these when dry, this str('m»lh Ix'in^i; 
expressed in lbs. p('r srp in. The objix'tion to this method is lh(' assuni])- 
tion that the plasticity of a clay stands in direct relation to its tensile 
stren^’th, w'hicli is incorrect. 

Hischof ^ su, 2 ,pmste(l using a set of mixtures of a standard clay with 
^faryhig amounts of sand. Each of tlu'si' is rublx'd w it h tlx* fingc'rs, and 
the amount of dust that can lie rubbed olf is notixl. The clay to be 
tested is similarly I'ubbed, and rat(‘d with the one of llu' standard si'ric's 
whiidi has lost a similar amount by rulilhng. The metlaxl is cnidt' and 
inaccurate. 

Texture 

Definition. — By the texture of a clay is meant its si/a^ of grain or 
fineness, and since tliis exerts an important inlluence on the jihysical 
properties, such as plasticity, shrinkage, porosity, fusibility, etc., it 
should receive more than [lassing consideration. Many clays contain sand- 
grains of sufficient size to bo visible to the naked eye, but the majority 
of clay particles are too small to Ix' seen w'ithout the aid of a microscojie, 
and arc therefore so smaJl that it b(‘conies impossible to separate t hem 
with sieves. In testing the texture of a clay, it is perhaps of sufhiaimt 
importance for practical jaiiposes to d(4erniine the per cent of any 
sample that wall pass through a sieve of 100 or 150 uk'sIk's to tlie inch, 
since, in the preparation of clays for the market by the washing process, 
they are not required to pass tliroiigh a screen any finer than the one 
above mentioned. 

Mechanical analysis. — If it is desired to measuri' the size of all the 
grains found in the clay, some more deliciite method of .separation becomes 
' Die teMeili'sU'n '1 hone, p. S,S. 
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necessary, and in order to do this it is essential that the mass of clay 
should be first thoroughly disintegrated and the grains separated from 
each other. This is best done by shaking the clay for a long time in 
water.^ For this purpose the bottles used in sterilizing milk for ii^fants 
are very convenient. Twenty grams of clay are weighed out and washed 
into such a bottle and the latter about half filled with distilled water. 
The bottle is closed with a rubber stopper and put into a shaking-machine. 
A convenient form consists of a box with compartments for holding 
four tiers of bottles lying on their sides, allowing four bottles in each 
compartment. This box is supported by chains, attached to the corners, 
hanging from brackets above. It is fastened by rubber bands to the 
table below, to steady it, and a guide-rod is fastened to the bottom, 
which works between two uprights to give a true lateral motion to the 
box. The box is tlien moved rapidly back and forth by a crank, with a 
throw of about 5 inches, at a rate of about 170 revolutions per minute. 
This gives a very good motion to the liquids in the bottles and keeps 
the clay constantly agitated. Motion may be imparted to the shaker 
by a water-m<Hor or other suitable power. The shaking is continued 
for from one to two days, according to the nature of the sample, lue 
heavier clays requiring the longer time. 

When shaking is stopped, the contents of the bottles arc washed 
into beakers, and the sediment, which quickly subsides, is examined 
with the microscope. If the disintegration is not complete, a small 
amount of pestling with the rubber-tipped pestle will finish it. Usually 
sandy clays are very thoroughly disintegrated after being shaken a day, 
while clay soils frequently require pestling after having been shaken 
for two days. 

When clean, the grains should show sharp outlines under the micro- 
scope, being as a rule quite transparent. Adhering particles make 
them appear rounded and more or less deeply colored and the outlines 
indistinct. When pestling alone is resorted to for the disintegration of 
the material, it may rctpiirc from fifteen minutes to an hour or more, 
depending upon the nature of the sample. 


U. S. Dept, of Agric., Jiur. of Soils, Bull. 4, p. 9, 1896. 
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Methods of Separation 

Beaker method. - 1 hl^ nuMliod 1)\ W liiou'v h '^iinpl«% 

l)iit M)iii(‘\\ hat iiicoiuenK'nt oti account of the laii;(' auiouiit ol water 
rc(iuit(‘(l. lt> opctaliou i,s a.s follow^. ‘ 

“'riio thoroughly (liMm(‘uial(Ml clay is ( ran.-huTcd to a d-iuch iM'akcr, 
which \\c iiia\ call ,S'. 1 his is lilh'd with water ai'd ihoroui^hh stiiied. 

It IS then all(»w(‘d to M‘tf|(‘ until all solid particles lari;er than ().()."> mni. 
hav(‘ suhsidi'd This is di'tei iuiiumI In tahinu, a sample of the I in hid 
iKpiid fioni iK'ar the hottoin of tlu' Ix'aker In loweniiii a siimil mix', 
with till' top closisl 1)\ till' linyiM’, lo a point jU'vt al)ov(‘ (he sediment, 
(hew renio\in,o the finder for an instant and letliim the h()Uid (>n(er the 
till)!', elosi ni; I lu' ( ul x* with I h(‘ linger a ua in and w it h< li a w mu ( hi' ''aniplia 
A drop of this is placer! upon a micii>vcop(> slide, a co\er-iilass plarx'd 
ov('r it, and the pat tides examined 1)\’ ,a i^ood mictoscrtpi* containm”; 
an ('V(‘pi('C(‘ niicrometi'r. It is l•on\(mlenl jo Use a I-mch e\epiece and a 
I hr('('-loui't hs and oiir'-lifth inch ohjr'ct nrx 

“When the pai tick's larm'r than OO.") hao* suhsided, the liiihni 
HipiiTl IS* careliilh' di'c-inled into a hn'i^er Ix'akei. U 'I his Imhid 
lirplid contains silt, liiir' sil| . and cla\, hut nr» .sand il the sepaialion 
has Ix'i'ii projx'rl\ t imed, 'LIk' si'diiiK'iil m .S’ consists of sand, coniamin”: 
still SOUK' -alt. line silt, and cla\. 'This in stini'd up with watr-i and 
a,i»ain allowc'rl to sr'Ith' until all the yiaitis of stud hao' siihsirh'd, wlir'ii 
till' hirhid iKpiid is a.itain di'caiih'd into U. This opera! ion is <-ont inui'd 
until an examination of (h(‘ si'diment m .S shows that .dl partick's snialh'r 
than O.Oo mm. havi' Ix'en nuuoved Tlu' contr'iits o| this Ix'aki'r N ;ir<‘ 
till'll waslu'd into a small pon-elain dish and ('Wipruati'd to rliwiK'ss on 
the water-hat h. Wlu'ii rlr\ this sand ma\ he <;-^‘ntl_\ lumti'd (r» hiiiii 
olf till' orii;anic mattc'r, and wdien cool it is silted throuiih a si'iic's of 
si(‘V('s w’hich will he rh'scnhi'd fuillu'r on. 

It is often coiui'iiK'iit in si'paiat ini; I lu' silt, line sill . and cla\' from 
the .sand to di'cant Ix'fore tlu' last prrrtions of .sand have* si'ttk'd. This 
hastens tiu' opi'ration of separaim.i; tlu' line and tlu' coarsi' mateiial, 
C.'^H'cially when' thi'i’e is a larj;e mass of sand and hut litth' line' material 
to he removed. In this case, the turhid li(|Uid which is decanted is 
put into a ,s('parat(' beaker, iind tlu' .sand which has Ix'en jioured off is 
recovered by a further decantation, and when fnx' from all fini' mati'rial 
it is added to the .sand in the pon-elain dish while the latti'r is evafxiratinj; 
to rlryiie.ss. The turbid rujiiid in thi' beaker M is thorour;hly stirred 

‘ IJ. S. l)o{)t. A^ric., Bur. cl .Soils, Bull 4, p. 10, ISOO. 
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and allowed to settle until a drop taken from near the bottom of the 
the beaker contains no solid particles larger than 0.0 1 mm,, equal to 
two spaces of the eyepiece micrometer using the |-inch objective. The 
turbid liquid, containing only line silt and clay in suspension, is then 
carefully decanted into another beaker, P. The sediment reimfining 
in M is again stirred up with water and allowed to settle, and decanted 
as before. This operation is continued until all particles smaller than 
0.01 mm. have been wiished out of the .sediment in the betiker. Care 
must be taken in pouring off the turbid Tupiid that none of the silt goes 
over, or if it- does it must be recovered and added to that in beaker M 
at some later stage of the operation. The sediment remaining in beaker 
M should contain nothing hirger than 0.05 nor smalk'r than O.O^. if 
the separation has been caretully and completely made. This is 
washed into a platinum dish, evajiorated to dryness on the watiT- 
bath, ignited at a low red heat, cooled in a desiccator, and finally 
weighed. 

‘‘The sediment in beaker 7^ containing tine silt and clay is stirred 
iq) with water and allowed to settle until everything larger than 0.005 
mm. has subsided, as determined by a microsco])ic examination as bebvrv 
The turbid li(iui(l, containing only ‘ clay ' or material finer than 0.005 
mm. ('(|Ual to one space of the micrometer, is tlum (lecante<l into a larger 
beaker, (\ of 1 or 2 liters capacity, and the sediment in P rejx-'atedly 
W'ashed until all of the clay has been removed. When this has been 
accomplished, the .se<liment is washed into a platinum dish, evaporated 
to dryness, ignited, and weighed. 

“ The clav water u.sually amounts to a number of liters, and to ju'event 
it accumulating to any great extent it is the practice in this Division to 
measure it in a liter flask and take 100 cc. from each liter to evai)orate 
to drvness. The remainder of the clay solution is thrown away. When 
the lit(‘r flask is full to the m.ark with the clay solution, care must be 
taken to thoroughly mix it before taking out the tentli part to be evapo- 
rated to dryiiess. The .siicce.ssive 100 cc. of clay water are poured into 
a beaker and evajxmited in a platinum dish as rapidly as possible. When 
this clay waiter has been evaporated to dryness, the sediment is ignited 
and weighed and the weight multiplied by ten to give the total amount 
of fine material in the original sample. 

“ In the course of t he analysis, several of these grades may be separated 
at once to facilitate the o])eration, by the u.se of additional beakers. 
It is best to transfer material into smaller beakers as the (piantity becomes 
less in being freed from the liner j)articlcs, as this materially hastens the 
time recpiircd for the material to subside. 
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The sand which was separated in the bejajinningof the operation and 
dried and ignited in the jK)iTelain disli is sifted through a series of sieves 
of the following dimensions: Three round brass sieves 4 inches in 
diameter are used, which fit into each other and into a cuj) at the bottom. 
The Eop sieve has circular holes 2 mm. in diameter, the second has similar 
holes 1 mm. in diameter, and the third has holes 0.,^) mm. in diametcT. 
These grades are sifted in a very short time. 

“The material which passes through the lower sieve is then sifted 
through two grades of bolting-cloth— Nos. h and 13— having square 
holes approximately 0.25 and 0.1 mjn. in linear dimensions. This sifting 
recpiires quite a long time, on account of the hnenessof the spaces through 
‘'\\^ch the particles have to pass. It can conveniently be done upon 
■^the shaker which is used for th(‘ disintegration of the original sample. 
The two pieces of bolting-cloth can l)e fitt(‘d into conveniently arranged 
brass rings, and the samples should be shaken for an hour or two on this 
shaker. 

“ Each of these grades of sand are weighed without })revious drying, 
as the amount of hygroscopic moisture is usually inappreciable. 

, VThe operation of mechanical analysis is frecjuently made tedious 
and sometimes impossible by flocculation. If any tendency to this is 
discovered, vigorous stirring should be resorted to, and this can best 
bo done with one of the improved forms of egg-beaters found in the 
market. A small trace of ammonia also assists in overcoming this 
tendency to flocculation, but it should be added very cautiously, as an 
excess of ammonia will cause many soils to tloccuhite. If the sediments 
are left standing for a length of time, flocculation is liable to occur, and 
it is very important that the work should be pushed along as i‘a])idly 
as possible. The operator will find by experience that while waiting 
for one sediment to subside he may be decanting into extra Ix'akers, 
which in time may be added to the j)ro])er beaker. 

“The water used in the mechanical analysis should be distilk'd, if 
possible, but clear river, well, or hydrant water may be used. Iji case 
distilled water is not available, the solid matter in suspension or in 
solution in the water used should be determined by evaporating 500 cc. 
of the water to dryness, and igniting and weighing the residue. Allowance 
shcmld then be made for this residue in the clay determination. 

“Eight or ten samples can be started at once and can be pushed through 
about as readily as a single sam{)le. It is not advisable, however, to 
attempt to carry on more than this number, because the proper attention 
cannot be given to the beakers. A fresh set (»f samples may be started 
on the shaker, however, a day or two before the last set is finished. 
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It requires from six to ten days to complete the analyses of a set of 
samples, if close attention is ^iven to the decantations.” 

Schoene method. — A second method consists in separating the 
pebbles and coarsc-sand particles out of the disintegrated clay by means 
of sieves, and then placing the finer portion in a tube where it is expbscd 
to an u])ward current of water. 
iSince the carrying })()wer of the 
current will increase with its veloc- 
ity, a current of - water rising very 
slowly in the tube will carry off 
only the finest particles, while the 
heavier ones remain behind. If 
the velocity of the current be kept 
at this speed, it will finally become 
clear when all the finest particles 
are carried off. 

A form of apparatus used for 
this purpose is the Schoene elutriator 
shown in Fig. 20. 

The apparatus consists of the 
separating funnel A, which at the 
bottom ends is a bent tube, and is 
connected at the top with a narrow 
tube 1 meter long. This latter is 
Z-shaped and has an opening at 
L, 1 .5 mm. in diameter. The grains 
of the clay to be separated are first 
disintegrated by boiling and then 

placed in the funnel A. Water is ^ ^ 

then run in from the reservoir D Fia. 20. — Schoene’s apparatus for me- 
and the supply regulated by the chanical analysis of clay, 

stopcock E, fto that there is always a definite velocity in the funnel A. 
The rapidity of flow (hq^ends on the amount of water entering the funnel 
per second. Knowing the amount of water and the cross-section of 
A, the valocity is etpial to the quantity divided by the cross-section. 
The quantity is measured by allowing it to run into a measuring-vessel 
for a definite length of time, care being taken that the level of the water 
in k remains constant. In this way the flow per second can be calculated. 

The velocity of the flow can be told by the height to which the water 
backs up in the tube L This has to be determined in calibrating the 
instrument. 
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To every velocity there corresponds a size of grain determined by 
calculations, and five sizes are made, as follows: 

1. Clay substance, including particles removed by a flow of O.lSmm. 
per second. Maximum diameter 0.01 mm. 

2 . Silt, including grains removed by a flow of 0.70 mm. ])er second. 
Maximum diameter 0.025. 

3. Dust-sand, including particles removed by a flow of 1.5 mm. per 
second. Maximum size 0.04 mm. 

4. Residue remaining in funnel, called fine sand. Diameter 0.t)4 to 
0.2 mm. 

5. Coarse sand, everything larger than 0.2 mm. 

This form of apparatus is much us(h 1 in (lermany, and l)Ut little 
■*^in the United States. An objection which has been urged against it is 
that, on account of the funnel-shaped (‘haracter of the vcs.sel A, (‘ounter- 
currents are set up, which interfere with accurate re.sults. 



Fig, 21. — Ililgard’.s apparatus for making mechanical analysc.s. 

Hilgard’s elutriator.— E. W. llilgard devised the form of apparatus 
shown in Fig. 21 for overcoming the directs of Schoene’s separator. 
It ?s known as IlilgarcFs Churn Elutriator. It consists of an upright 
glass cylinder, 300 mm. in height and 45 mm. in diameter; this cylinder 
i^united at its lower end to a brass cup-shaped funnel, crossed by a 
horizontal axis furnished with four wings; this churn is separated from 
the cylinder by a wire screen with meshes 0.8 mm. in diameter. The 
.churn is worked by any convenient niotor-pow'cr; about 500 revolutions 
per minute is the speed required when separating the two finest groups 
of particles, but for the other separations a smaller velocity will suffice. 
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The lower end of the brass funnel is fixed into a conical test-glass, which 
is in connection with the water-supply. The water is supplied from a 
reservoir maintained at a constant level. The lever opening the water- 
tap moves over a graduated arc, on which are marked the positions of 
the lever which yield supplies of water, giving the required velocitiei^ in 
the glass cylinder. 

The apparatus being half filled with water and the churn in motion, 
the sediment is introduced, and the water-current adjusted to the low- 
est velocity, 0.25 mm. per second; this current is continued till the 
water ceases to remove any more matter. The operation requires 
many hours for its completion. The object of the churn is to break 
up the aggregations of fine particles which arc very apt to form. Should 
any be seen on the sides of the cylinder, the apparatus must be stopped, 
and the flocks detached with a feather. The water leaving the cylinder 
is conducted by a tube nearly to the bottom of a tall, wide vessel, from 
the top of which the water runs to waste. The receiving vessel being 
much wider than the separating cylinder, the upward current of water 
in it is too slow for any of the solid matter carried into it to escape. 

When no more particles are removed by the current moving 0.25 mm. , 
per second, the regulator is changed, and the velocity of the current 
increased to 0.5 mm. per .second. When the second group of particles 
has been in this way removed, the velocity of the current is again doubled, 
and this mode of proceeding is continued till the last separation, with 
a velocity of 64 mm. per second, is completed. With velocities above 
4 mm. per second, the churn may be dispensed with. The work gets 
more rapid as the higher velocities are reached. When the apparatus 
is in action day and night, the separations will be completed in three 
or four days. Soft, filtered water should be used in all the operations. 

A most serious objection to the three methods just described is the 
time required for making an analysis, and the quantity of water con- 
sumed. 

Centrifugal separator. — The most satisfactory method is that known 
as the centrifugal method. The apparatus (Fig. 22) used consists 
of a fan-motor ^ placed with the armature shaft in a vertical position. 
This carries a framework with eight test-tube holders, trunnioned 
so that they can swing outward and upwards as the frame revolves. 

The disintegrated sample in suspension in water is placed in these 
tubes, and twirled at a high speed for several minutes. As a result 
of this, all particles except the finest clay grains are thrown to the bot- 

* For complete description, see Bulletin No. 04, Bureau of Soils, Dept, of Agri- 
culture, Washington, 1900. 
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tom of the tube by centrifii^ral force. These are decanted off, the tubes 
refilled with water, and the sediment a^ain stirred u[). A second ( wirliii" 
of the tubes, either at a lower speed or for a shorter period, })recipitates 
every thin^j: except the fine silt, which is then also decanted olT. The 
subsequent sizes are then separated from each other partly by sedliii^j; 
and partly by sieves. 



Fig. 22 Ccntnfugiil M'piiiator for iiu‘ch;iiiic:il aiialyM''. (Photo loaiu'd hy 
JhiH'au ol S(uN ) 

Tlie different sizes which can be so s(‘j)arated and llu'ir dimensions 
arc shown in the table below: 


Taiu.I'; showing Size of Giimns of S\.ni), Sii/r, \m) Ci,\y 


('(tnveiitiorial name. 

Ir Gravel . 


Inrhc''. 
112 1 / 2 .") 


Sue of di.uneter'i. 


Millimctcm. 
2 1 


2. Coarse s:uk 1 
.Medium sand . . 

•1 Fine .sand ... 

.5. Very tine sand . . . 
(). Silt 

7. Fine .sill . 

8. Clay ... 


1 / 2 .', I/r,() 

i/r>() 1/100 
1/100 1/2.50 
1 /2.',0 1 /.500 
l/.5()0 1/2.500 
1,2.500 1/.5000 
1/.5000 1/2.5000 


1 0 .5 
0 .5 0 2.5 
0 2.5 (II 
0 1-0 0.5 
0 0.5-0 01 
0 10 0 005 
0.00.5-0 (KIOl 


Krehbiel elutriator. -A tyj)e of .siqiarator which is a modification of 
Schultz’s, but .seemingly pohse.s.sing .several advantages, ;ind being ;it ;iny 
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rate choiiper to oonslruct, is that sii” jested and successfully used by 
Krehbield It consists essentially of tliree cylinders with cone-shaped 
l)ottonis placed at different hei.ithts (Fi^. 22a), so that the overflow from 
the hist flows through the thistle tube to the botiom of the sru-ond, and 
so from the second to the third. The watt r supply is constant, coiMiyt; 
from a tank \\ith an overflow' and fed from a faucet. The height of the 



Fig. 22o. — K rchhiprs clutriator for moclianical analysis of clay. (After Krehhicl, 
'Fraiw. Aiiier. Soc , \ I, 1001 ) 


tank dejiends on tht' opening in the end of the delivery tube, and is 
adjuste(l by ti’ial. The cylindei's have different diainettas tt) jiroduce 
a st‘paration of the ])arti(*les according to the sizes outliiuMl by Scijcr, 
namely, in the first or smallest can: particles .12 mm. to .01 mm. in 
width (.2)0 mm. to. 04 mm., Seger); in the second can: those .01 mmt‘‘^o 
.025 rnm. in width, and in the third .025 nmi. in width, and in the 
third .025 to .01 mm. The overflow consisted of particles from .01 
mm. to 0. 


* Trans. Amer. Ceram. Soc., VI, p. 173, 1004. 
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Air elutriator.^— This form of appiUMtus uas devised in order to 
overcome the defects of any wet metliod of separation. “The ai)para- 
tus (Fig. 22b) consists of five percolating jars set in a wooden frame 
and connected by tubes of glass passing through close-fitting caps 
tightly clamped to the jar tups. The first jar is of gallons cajiacity, 
the second 2 gallons, and the remaining ones of 1 gullon each. Tn the 
bottom of No. 1 is placed a flat spiral tube closed at one end, but with 
a numl^er of very small ojicnings through small jets soldered into the 
upper surface of the sjiiral at an angle of about 30°. The open end of 
the spiral passes through a tightly fitting rubber stopper inserted in the 



Fig, 22/). — Cushman’s air olutriator. (After Cushman and Hubbard, Jour. Amer. 

Chem. Soc., XXIX, No. 4.) 

neck of the jar and is connected to the source of air supply. An in- 
verted funnel tube whose stem passes through another rubber stopper 
fitted in the ca}) at the top of the jar is connected to a glass tube which 
passes ill a similar manner nearly to the bottom of No. 2. An inveitcd 
^istle tube connects No. 2 with No, 3 in like manner, and so on through 
Nos. 4 and 5, the exit tube of No. 5 being connected to a vacuum. The 
^it of No. 5 was covered with fine linen lawn. Rubber stoiipers close 
^e necks of the jars and arc removed only when it is desired to draw 
off the charges of powder which have accumulated during a run. A 
charge of oven-dried powder not exceeding 1 kilogram is placed in jar 
No. 1. Blast and vacuum are then turned on and adjusted so that a 
steady stream of air passes through the powder with sufficient force to 

1 A. S. Cushman and P. Hubbard, Air Ekitriation of Fine Powders, Jour. Amer. 
Chem. Soc., XXIX, No. 4, Apr., 1907. 
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raise a dense white cloud, which assumes a vortex motion as It ascends, 
owing to the arranjroment of the air jets. The heavier particles continually 
fall in a ring near the walls of the vessel, where they build up until 
caved in by tlic air jets, while the lighter particles are carried into No. 2 
through the funnel tube, and so on, the very finest being caught in the 
last jar.” 

The method is not intended to be quantitative, but simply to serve 
the purpose of separating the different sizes for examination. With 
care, however, it might be made to yield (quantitative results. 

Fineness factor. — The fineness of ground materials used in the 
ceramic industry is frecquently cxqircssed by means of a term known as 
the surface factor.^ The factor often used is that of Jjicksoii as modi- 
fied by Purdy. It is based on the assumption that the suiface areas 
of two powders, derived from a unit volume arc in inverse ratio to the 
average diameter of their grains, and hence the recijirocal of the average 
diameter is taken as the factor. Although the assunq)tion is in error. ^ 
the factor affords a convenient approximation, and is often used. The 
Purdy factor is obtained as follows: The elutriation of a powder is siqD- 
posed to have separated it into the four following sizes: No. I, dia- 
meters ranging from 0.12 to 0.04 mm.; No. 2, 0.01 to 0.025 mm.; No. 
3, 0.025 to 0.01 mm.; No. 4, O.Ol to 0.00. Taking the average dia- 
meters the surface factor of each group is as follows: 


Group 

1 

A\eraKe 

l)Kiinct.er 

0.080 

' urfaco 

Factor 

- 12.50 

Per Cent. 
Present 

10 

2 

0.0325 


20 

3 

0.0175 

57.14 

20 

4 

0.0050 

“’“"' = 200.00 

50 

50 


The total surface factor is obtained by multiplying the surface factor 
of each size by the percentage weight of each group, and finding the 
sum of the products thus obtained. Thus 


12 .WX 

.10 

30.77X 

.20 

57.14X 

.20 

200.00 X 

.50 

118.83 


If a raw clay is examined under the microscope, it is usually seen 
to be composed of a number of different-sized grains. These may show 


* S(ie Jackson, Trans. Eng. Ceram. Soc., ITT, p. 16; Krchbiel, Trans. Amer Ceram. 
Soc., VI, p. 173, 1904; Binns, Trans. Amer. Ceram. Soc., VIII, p, 214, 1906; Purdy, 
Trans. Amer. Ceram. Soc., VII, Pt. ITT, p. 441, 1905; Cushman and Hubbard, Jour. 
Amer. Chem. Soc., XXIX, No. 4, 1907. * Cushman and Hubbard, 1. o. 
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a wide range of sizes as given in Fig. which represents a gritty clay 
from the Cape May formation of New Jersey. In otlier clays, such 
as those of the Alloway formation in the same State, there is often 



Fig, 23. — Drawing showing particles of a (kpo May clay, enlarged 362 diameters. 

(After Rie.s, N. J. (L oh Surv., Fin Rept., VI, p. 109, 1901.) 

less variation in the size of the grains (Fig. 24), the grains in the latter 
being bunched together more than in the former. Fig. 25 represents 
several grains of sand from a sample of Clay Marl I, which have been 
sJ^tearated by the mechanical analysis and enlarged 115 diameters; 
th^ consist of quartz {Q), mica (M), feldspar (F), and lignite (L), 
the cloudiness of the feldspar being due to partial kaolinization. 

Relation between composition and texture.— Few analyses have 
been published showing the chemical composition of the different-sized 
grains in a clay. 

Recently Grimsley and Grout have analyzed the mechanical sepa- 
rations of 16 samples of clay with the following results:^ 


W. Va. Geol., Ill, p. 61, 1906. 
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Sizes in mm 

00 t.. 

0 001 

0 001 to 

0 005 

[ 

0 005 to 

0 02 

0 02 to 
0.15 

0 . 15 up 

Silica (SiO,) 

44 08 

54 54 

70 30 

81 16 

73 63 

Alumina (ALO,) 

28 It) 

23 00 

16 04 

9 76 

13 Q1 

Ferric oxide (Fe/lg) 

7 94 

5 91 

3 21 

2 13 

4 71 

Ferrous oxide (FeO) 

99 

99 

63 

40 

.18 

Lime (CaO) 

76 

82 

72 

31 

47 

Magnesia (MgO) 

1 3() 

fb2 

80 

39 

48 

Potash (K„()) 

iTOf) 

3 31 

2 14 

1 78 

93 

Soda (Na 20 ) 

00 

29 

45 

56 

00 

Moisture ' 

2 80 

1 10 

56 

35 

87 

Ignition, loss 

10 86 

7 79 

4 33 

2 59 

4 40 

Titanic oxide (I'iO.) .... 

1 

1 12 

1 OS 

78 

60 



Fio. 24. — Drawing of the Alloway, N. J., clay, enlarged 362 diameters (After Ries, 
N. J. Gool. Surv., Fin. Kept., VI, p. 110, 1904.) 

As might be expected, these analyses show a higher percentage of 
silica in the coarser grains, still the increase is not a steady one, but 
none of the other ingredients show either an increase or decrease from 
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coarsfi to fine. The maxima are in each case underscored. The appre- 
ciable titanium percentage in even tlie coarser ^^rains is of interest, 
although it is not known in what form the titanium occurs therein. 

Tensile Strength i 

Definition. — ^The tensile strength of a clay is the resistance which 
it offers to rupture or being pulled apart when air-dried. 

Practical bearing.~The tensile strength is an important property, 
and has a })ractical bearing on problems connected with the handling 
molding, and drying of the ware, siiK^e a high strength enables the clay 
to withstand the shocks and strains of handling. Through it, also, 
the clay is able to carry a large quantity of non-plastic material, such ^ 
flint or feldspar, ground bricks, etc. 

Relation to plasticity.-— Although it was formerly believed by many 
that tensile strength and i)lasticity were closely related, this view is 
no longer generally accepted. High tensile strength and high plas- 
ticity often go together, but a clay low in tensile strength may have 
high plasticity and vi(*e versa. 

Measurement of tensile strength. — The tensile strength is measured 
by molding the thoroughly kneaded clay into briciuettes, of the form 
and dimensions shown in Fig. 27, and, 
when thoroughly air-dried, pulling them 
apart in a suitable testing-machine. The 
cross-section of the briquettes when 
molded is 1 square inch, and, after being 
formed, they are allowed to dry first 
in the air and then in a hot-air bath 
at a temperature of 100° C. (212° F.). 
When thus thoroughly dried the briquette 
is })laced in a machine, in which its two 
ends are held in a pair of brass clips, and 
is subjected to an increasing tension until 
it breaks into t\vo. The type of machine 
used is of either type shown in Fig ,. 28 
and 29. Theoretically the briquette 
should break at its smallest cross-sec- 
tion with a smooth, straight fracturi., 
and when this does not occur it is due 
Fig. 27. — Outline and dimensions either to a flaw in the briquette or because 
of a briquette for testing the tend to cut into the clay. In 

tensile strength of a clay. 

1 It is now more customary to determine the modulus of rupture as calculated 
from the transverse strength. See Ries and Allen, Amcr. Ceram. Soc. Trans., 
XII, 1910; also Blciningcr and Loomis, Ibid., XIX, p. 601, 1917. 
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such event the briquette breaks across one end, and to prevent this it 
is necessary to put some soft material, such as asbestos, pastel )oard, or 
rubber between the inner surface of the clip jaws and the sides of the 
bricjuette. If the briquettes are molded and dried with care, the vari- 
ation in the breaking strength of the individual briquettes should not 
be more than 15 or 20 per cent, but with some very plastic clays it 
is extremely difficult to keep the variation within these limits. 



Great care has to be exorcised in filling the bricpiettc molds, in order 
to prevent flaws in the pi(;ce, and tlu^ best method consists in cutting 
a lump of the tempered clay of approximately the shape and size of 
the mold, and tlicn pounding it in from both sides with the hands. 

Wheeler ^ advocates filling the mold by pressing in separate small 
pieces of wet clay with the fingers, the object of this lacing to avoid 
air-bubbles and prevent laminations in the briquette; but some have 
qbccted to this, on the ground that it is difficult to make the separate 
piVes of clay amalgamate. 

Since the briquettes of any one clay will always show more or less 
variation, at least 10 or 12 shoTild beGested in order to get a fair aver- 
•^ige. The author's experience has shown that the greatest variation 
usually appears in clays of high tensile strength, in which the fracture 
nearly always occurred in the head, indicating that the briquettes broke 
•before the limit of their strengtli was reached. The tensile strength 
of clay briquettes is expressed in pounds i)er square inch; but, since 


* Mo. (Jcol. Surv., Vol. XI, p. 111. 
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the briquette shrinks in drying, the strength actually obtained in test« 
ing will be less than that for a square inch, and the result must be 
increased in proportion to the amount the brick has slirunk. 



Flo. 29. — Fairbanks tensile-strength machine. N, clips for holding briquettes; 
r, sennv for applying strain to balance-lever C; F, bucket to hold shot 
fed in through I from the hopper K’, J , automatic cut-olT, 

Clays vary widely in their tensile strength, ranging from but a few 
pounds up to over 400, and even in clays of the same class a wide vari- 
ation is not uncommon, as the following approximate figures will show: 

Minimum. Maximum. 

Kaolins -0 (>0 

Fire-clays 0 (Flint-clays) 1.50 

Prick-clays ^>0 300 

Pottery-clays *^)0 250 

Wheeler ^ in testing 135 Missouri clays found that their tensile 
strength ranged from an average of S to 3N0 lbs. per square inch, dis- 
tributed among the several kinds as follows: 


Kintl. Range. Average 

Flint-clays 8 to 50 20 

Kaolins 12 to 20 20 

Fire-clays and pottery-clays 50 to 284 1.50 

Shales 87 to 192 120 

Gumbo 275 to 410 340 

Loess 07 to 3.54 150 


‘ Mo. Geol. Surv., XI, p. 111. 
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Beyer and Williams ^ give a range of from 4() (o :319 lbs. per square 
inch for the Iowa clays. 

The range in strength determined I)y the writer for the Texas (‘lays 
was as follows: 


Fire clays 10 to 277 

Stoneware clays 00 to ;{2() 

Calcareous clays 119 to 1100 

Sandy brick clays. . 77 to *17)5 

Semi-refractory biick clays 101 to :V29 

Red- or brown-bnrning biick clays .... 7 1 to 4.S7 


while in the New Jersey clays - tlu‘ (‘xtrenu's were :H) and 4511 lbs. per 
square inch. 

When any series of clays is tested, it is found that both the very sandy 
ones and very fine-grained ones often have a low‘ tensile strength, although 
there arc marked exceptions to botli these ca.ses. 

Cause of tensile strength. — In order to get .satisfactory and reliiiblo 
results, great care is necessary in molding and drying the bricpiettes, it 
l)eing churned l:)y some that fine-grained clays will show an abnormally 
low strength unless dried very slowly. 

Experiments by Orton seem to bear out this fact. Eive series of 
the same clay were tested by him as follows: 


Average 

Senas. Kate of (h viUK. len^iilc strenffth, 

Ibx. |)er sq. lu. 

1 . Quickest, .severoht drying 182.49 

2 . Somewhat slower 178.17 

3 Still .slower ^ 170 13 

4. . . . Very slow indeed 204 80 

5 . ... Artificial conditions 205 53 


The fifth series was placed in a tightly closed jar wdth calcium chloride. 

With such a variation existing in the tensile strength of clays, it 
becomes a matter of importance to know the cause of this variation. 
It iiz\ a well-known fact that all elay.s shrink in drying, and that this 
shrinkage is accompanied by a draw'hig together of t he part ielcs. I ndeed, 
somq clays shrink to such a hard mass as to suggest a close interlocking 
the grains, which, it seems to the writer, may be the explanation of 
the tensile strength shown; that is to say, those clays in which the inter- 


1 la. Geol. Surv,, XIV, p. 83, 1904. 

* N. J. Geol. Surv., Final Report, Vol. VI, p. 85, 1904. 

* Trans. Amer. Cer. Soc.i VoL III, p. 202, 1901. 
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locking of the particles is the tightest will sliow the highest tensile strengtn 
and vice versa. If this is true it becomes necessary to determine, if 
possible, what arrangement or size of particles produces the tightest and 
strongest structure. 

E. Orton, Jr.,^ attempted to determine the effect of the fineness of grain 
on the tensile strength of clays by taking a very fine-grained (day and 
mixing different sizes of sands with it, the sand being obtained by grinding 
and screening vitrified bricks. Ilis conclusions were “(1) that the 
tensile strength of mixtures of a plastic ball-clay with (xjual (juantitics of 
non-plastic sands will vary inversely with the diameter of the grains of 



Fig, 30. — Curve showing relation between fineness of grain of non-plastic material 
and tensile strength of clay mixtures. (After Orton, 'Prans. Amei. Cer. Soc., III.) 

the sand from grains of 0.04 inch down to the finest sizes obtaiiYable. 
(2) That the non-plastic ingredients of clay influence its tensile strength 
inversely as the diameter of their grains, and fine-grained clays. will, 
other things being equal, possess the greatest tensile strength." lu 
other words, the coarser the grains of sand the less the tensile strength 
of the mixture containing them. 

The results of these tests are shown graphically in Fig. 30. 

‘ Transactions American Ceramic Society, Vol. 11, p. 100, and Vol. Ill, p. 198. 
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A series of tests on natural mixtures of varying texture were under- 
taken by the writer in connection with a study of the New Jersey elaysd 
.Five samples were selected at random as follows: 

1. A very plastic, slightly gritty, dense, red-burning clay from 
the Alloway formation, with an average tensile strength of 45d ])ounds 
per square inch. 

2. A Pleistocene clay of gritty, plastic character, but not as dense as 
the previous one. Its average tensile strength was 297 pounds per 
sf^uare inch. 

3. A gritty, plastic clay from the Cape May formation, with an aver- 
age tensile strength of 2S9 jiounds per s(|uar(‘ inch. 

4. A Raritan cla}^ of black color and sandy, micaceous character, 
with an average tensile strength of 105 pounds per s(juare inch. 

5. A soft, powdery, washed ball clay from the Raritan, It was 
plastic to the feel, with very little grit, and a tensile strength of under 
20 pounds per s([uare inch. 

The percentage of the sizes in each of the 5 samples is shown in the 
following table: 


Mr(’ii\ni(’al .\nalyses ok some New Jkksky (’l\yh 


Convciitifinjil iKunt*'<. 

I. 

I,:il> No. 
(kHO. 

11 

No. 

(kVJ 

III. 

Lai) No. 
015. 

IV, 

Lai). No. 
015. 

V 

No 

;2,i 

Clay substance 

51) 00' v 

H OO'/t- 

22 00' ; 

:jo 045'N 

S7.1)0% 

Fine silt 

11 00 

7 11 

5 (it) 

14 21 

0 05 

Silt and fine sand 

14 70 

24 :i5 

20 55 

5 5S5 

00 

Medium sand 

50 

7 SO 

11 45 

0 100 

1 00 

8aiid 

11 10 

1)1) 00 

l() :t5 

1)1) ()i 

4 4 

1)1) 10 

12 050 

01) 700 



os 01 


These figures seem to throw sonu' light on the relation of the t(‘xtur(' 
to the tensile strength, but, while highly suggestive, are not to be, taki'ii 
as final. The results of these tests are also shown graphically in the 
table (Fig. 31), in which the horizontal lines represent jiercentages. Of 
the columns, the first 5 represimt the grain sizes and the sixth the 
tensile strength. 

Taking No. 5 of the above table of analyses we find that it contains 
87.96 per cent of clay substance. This pciint is plotted in the first column. 
The point representing the percentage of fine silt is then plotted in the 
uext column, and so on with the other sizes. These points are then 

‘ N. J. Gcol. Surv., Final Report, Vol. VI, p. 87, 11)04. 
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connected with a curved line. Tn the same wa}^ the pcrcenta»;e.s of the 
different sizes of grains of the other samples were })lotted and connected 
by curvetl lines. The lines are drawn in different ways, so that those 
representing the different clays can be more readily distinguished at a 
glance. From a study of this table it is seen that the clay having the 



Fig. 31, — Curves showing rektion of texture to tensile strength. (After j’^ies, 
N. J. Cool. Surv., Fin. Kept., VI, p, S9, 1904.) 

lowest tensile strength (No. 5) contains a very high percentage of' the 
finest clay particles, furthermore, the clay having the second lowest 
tensile strength (No. 4) contains the largest percentage of sand (42.9 
per cent). From this it appears that an excess of either coarse or fine 
grains lowers the tensile strength. On the other hand, in those clays 
having the highest tensile strength the percentages of fine, medium, and 
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coarse particles arc more nearly equal. Tliis is perhaps what mi^HR 
be expected, for if tlie tensile stren^^lh is due to the interlocking of (lie 
.grains, a mixture of different sizes would fit together more closely than 
if particles of one size predominated, as in Nos. 4 and 5 of tlu* tjible 
It is'rather difficult, how'ever, to compare these results with Orton’s, 
<is in his artificial mixtures the non-plastic particles were of uniform si/c*, 
while in the natural mixtures a variety of sizes existed. 

Jieyer and Williams ^ reached somewdiat similar conclusions at about 
the same time, their work on the mechanical anal>ses of the lo(‘ss-cla\ s 
indicating that the clays showing the highest tensile strength were the 
ones in which there was the most evenly proportioned amounts of the 
sizes of the grains represented, therefore those iiossessiiig a large jiropor- 
tion of excessively fine particles or those running high in some iiitc'r- 
mediate size of grain are w’eaker. The following mechanical analyses 
made by them indicate this: 


MiocFivNir-AL Anaiosks of Iowa Lokss Cl\ys 





SiZ(‘ of clay p.artirlos 













Clay 

Loss at 
230° 

.1 in»i 

1 to t)f) 
mill. 

(V) to 
01 mm 

t)l to 
00.3 

Jiolow 
003 ; 

Total 

poi 

oont. 

S <u 





iiicl 

mol. 

min 



lieslcy. Council BlutTs, 









top clay, . . . 

1 r>r) 

a H 

22 10 

49 11 

13 11 

10 35 

99 99 

1 19 

Gethman, (lladbrook 
Rcslcy, Council BlulTs, 

2,59 

5 19 

22 k; 

32 01 

11 15 

23.55 

99 9.S 

279 

bottom clay . . 

2 01 

1 ()2 

25 20 

29.72 

17.<S5 

2.3 74 

100.23 

211 


If the theory of intcrloi'kiiK'iit is true, then it should be possible to 
make a mixture of two clays whose tensile strength is higher than that 
of cither of the clays alone or vice versa. 

The writer 2 has noted a case of two clays from near Aslmry Park, 
N. J. One of these was a slightly gritty, black clay, with an average 
tensile strength of 1(S2 lbs. per square inch. The other was a plastic 
loani^ whose average tensile strength was 137 lbs. per sq. in. A mixture 
of the two in equal proportions, however, had an average tensile strength 
of 2^8 lbs. per sq. in. 

Another clay from a different formation liad an average tensile strength 
of 108 lbs. per sq. in., while a mixture of equal parts of this clay and a 


‘ la- (Jeol. Surv., Vol. XlV, p. 102, 1904. 

* N. J. (leol. Siirv. Final Report, Vol. VI, p. 90, 1904. 
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somewhat coarse sand had a tensile strength of but 65 lbs. per sq. in., 
the decrease being evidently due to the excess of sand. 

Grirnsley and Grout claimed that a constant relation exists between 
the tensile strcngtii of a clay and the percentage of soluble salts which 
it contains.^ While it is true that each series, when plotted by itself, 
shows a parallel rise between salts and tensile strength, yet no such 
regularly ascending curve would be obtained if all the data were com- 
bined into one. For example, the amount of soluble salts (.40) in the 
W. Va. clays of 150 lbs. tensile strength, is hardly any greater than 
those of the New York series (.37) ranging from 0-50 lbs. in tensile 
strength. 

Shrinkage 

All clays shrink in drying and burning, the former loss being termed 
the air-shrinkage and the latter the fire-shrinkage. 

Air-shrinkage. — In a clay which is }7crfectly dry all the grains are 
in contact, but between them there will be a variable amount of pore- 
space depending on the texture of the clay. The volume of this pore- 
space is indicated somewhat by the (jUantity of water that will- be^ 
absorbed without the clay changing its volume, this water filling in 
the space between the grains. It may be termed pore water. 

The presence of more water than is re(|uired to fill the spaces between 
the grains produces a swelling of the mass, and in this condition each 
grain is regarded .as being surroiindcd by a film of water; but while the 
grains still mutually attract each other the attraction is less than in 
the dry clay, and the mass yields readily to pressure. An excess, how- 
ever. separates the clay particles to such an extent that the clay softens 
and runs. A clay will therefore continue to swell as water is added 
to it, until the amount becomes too great to permit it to retain its 
shape. 

Some clays absorb very little water, while others take up a large 
quantity, and G. P, Merrill^ mentions one from Wyoming which when 
placed in a measuring-flask absorbed and retained suflicient water ..to 
increase its bulk eightfold. 

When a clay has been mixed with water and set aside to dry eva[)- 
oration of the moisture commences and the particles of clay draw closer 
together, causing a shrinkage of the mass. This will continue untiP 
all the particles come in contact, but since they do not fit together 
perfectly there will still be some pore-spaces left between the grains, 
and these will hold moisture which cannot be driven off except by 
* W. Va. Geol. Surv., Ill, p. 58, 1906. * The Non- metal lie Minerals, p 233. 
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heating at 100 C. Ihc air-shrinkage. may therefore cease before all 
the water has passed off. 

The amount of air-shrinkage is usually low in sandy clays, at times 
being under 1 per cent in coarsely sandy ones, while it is high in very 
plasiic clays or in some very fine-grained ones, reaching at times as 
much as 12 or 15 per cent. Five or six per cent is about the average 
seen in the manufacture of clay products. 

All clays requiring a high percentage of water in mixing do not 
show a high air-shrinkage. The air-shrinkage of a clay will not only 
vary with the amount of water added, but also with the texture of 
the materials. 

Sand or materials of a sandy nature counteract the shrinkage, and 
arc frequently added for this purpose, but, since they also render the 
mixture more porous, they facilitate the drying as well, permitting 
the water to escape more readily, and reducing the danger from crack- 
ing. If the sand added to dilute the shrinkage is refractory it also 
aids the clay in retaining its sha|)e during burning. 

1 h(i effect of sand on a clay is well seen) from the following experi- 
^ merit wdth a clay from Herbert svilh*, N. J.’ 

Percent Witer Per cent air- Tensile ‘^trenRth. 
reciiurcJ slwiikaKO lbs per sq iu 

Olay :t2 a r) los 

Clay f5()7y sand 15 0 0.3 05 

From the above it is seen that the addition of 50 per cent of sliarp 
sand reduced the amount of water najUiix'd a litthi over one half. The 
air-shrinkage was I’educed .37.7:{ per cent, but it was accomjtanied by 
a loss in the tensile strength of nearly 40 ]X‘r cent. 

Fire-shrinkage.—All clays shrink during some stage of tiic burning 
operation, even though they may exiiand slightly at certain tempera- 
tures. The fire-shrinkage, like the air-shrinkage, varies within wide 
limits, the amount depending partly on the (juantity of volatile ele- 
ments, such as combined water, organic matter, and carbon dioxide, 
and partly on the texture and fusibility. 

Fire-shrinkage may begin at a dull-red heat, or about the point at 
which chemically-combined water begins to pass off and reaches its 
maximum when the clay vitrifiiks, but does not increase uniformly up 
to that point. The clay worken-, howxwer, ahvays tries to get a low 
. fire-shrinkage, using a mixture of clays if nece.ssary in order to pre- 
vent cracking and warping. After the expulsion of the volatile ele- 
ments the clay is left in a porous condition, until the fire-shrinkage 
recommences. In the table ^ on the next page there are given the 
results of a series of tests made on eight different clays, which w'ere 
burned at temperatures 100° V. apart from 500° C (932° F.) up to 

1100° C. (2012° F.) inclusive.*-^ 

* N. .1. Gcol. Surv., Final Report, Vol. VI, p 92, 1901. 


- ib I,, p. 91. 1904. 
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Table showing Progressive Shrinkage and Loss of Weight at Different 

'Jem PER ATTIRES 



Explanation of table. — Tlio clays tested were the followin^^: • < 

()4S. Fat, black, micaceous clay, of Clay Marl I from Maple Shade, 
N. J. 

655. A clay marl. Kxaid- locality unknown. 

663. A Pleistocene clay from Vineland, N. J. 

665. A yellow, finely gritty, Cohansey clay, heavily stained with 
limonite from Toms River, N. J. 

696. Black, Ashury clay from west of Asbury Park, N. J. 

703. Sandy, Raritan clay from near Fish House, N. J. 

717. A very plastic clay from Clay Marl 111, south of Woodbury, 
N. J. 

728. Hudson Ri\er shale from Port Murray, N. J. 

The bricklets had been standing in a warm room for several weeks, 
and, although they ajipeared perfectly dry, they were jilaced in a hot- 
air bath and kept at a temjierature of 1 10° C. for a day, being weighed 
both before and after. This drove off the moisture remaining in t*he 
pores, and the resulting loss in weight indicated in the third column of 
the above table shows the quantity of moisture that may remain ui a 
brick after the air-shrinkage has ceased. It is least in the sandy, lean 
clays and highest in the black one, which is colored by organic matter. 
The second column indicates the jxt cent of air-shrinkage, calculated 
upon the length of a freshly molded bricklet. The fourth column, headed 
500° C. (932° F.), gives the loss in weight from the thoroughly dried 
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condition up to 500° C., calculated on the \\ei^,dit of the air-dried .sample. 
The followin^r column.s give the additiomil loss in weight for each 100° C. 
(ISO F.), as well a.s the fire-shrinkage taking place in this t(‘mperature 
interval. From an inspection of the table it is .seen that most of (he 
volatile .suh.stances, such as the chemically combined water contained 
in the hydrous aluminum silicate, mica, or lirnonite, and organic matter, 
pass off before 500° C. (0.32° F.), and that an additional appreciable 
amount is expelled between 500° C. and 000° (A Between 600° C. 
(1112° F.) and 1100° C. (2012° F.) there was a small but steady loss, 
while in one case (No. 603) there was even a gain in weight at 1000° C. 
(1S32°F.). Two .samples, Nos. 000 and 005, showed a high lo.ss at 
500° C. and 600° C., as compared with the others, but this was due to 
the former containing considerable organic matti'r, and the latter having 
a very high percentage of limomte, which would supply an additional 
quantity of chemically combined water. 

The amount of fire-shrinkage shown by these .samples is eijually 
interesting, lor it is .seen that, although the lo.ss in weight between 500° C. 
(932° F.) and 900° (’. (1052°!".) is considerable, still there is littk' or 
ev«n n« shrinkage, .so that, aft(‘r the volatile elements have bemi drivim 
off, the clay must be very porous, and remains .so until the lire-.shrinkage 
begins again. From the table it will lie .se(‘n that, with one exci'ption, 
no shrinkage occurred betwwm 000° C. (1112° F.) .and 900° (’. (1052° lA) ; 
but between 900° C. (10.52° F.) and l()0()°C. (1S32° F.), all excejit No. 
603 decreased in size, and tluTo was an additional but greater shrinkage 
between 1000° C. (1S32° F.) and 1100°(k (2012° F.). None of the 
brick’ets became steel-hard, that is, sufliciently hard to nvsist .scratch- 
ing with a knife, until 1000° (k (l.S.32° F.), or even 1100° C. (2012° F.). 
In the ca.se of tho.se burning red, a good red coloration began to 
appear at 1000° C. (1S32° F.). h’rom this it can be .seen, and this 
is a fact already known, that, up to 000° (k (1112° F.), a clay should 
be heated -slowly; but from that j)oint uj) to 1000° (k the tempera- 
ture can be rai.sed quite rapidly, unle.ss much carbonaceous matter is 
]jrc.sent. The gradual burning-off of this carbon is well shown in 
Fig. 19, which re])resents a series of bricks taken from a kiln at 
regiilar intervals as the burning jiroceeded. Further heating should 
he idonc slowly, as the shrinkage recommences at the last-mentioned 
temperature. 

Wheeler 1 claims that the most potent factor in fire-shrinkage is the 
size of grain: the finer it is, the greater thii fire-shrinkage. 


Mo. (ieol. ,Surv., Vol. XI, p. 121, 1897. 
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Since many clays, when used alone, shrink to such an extent as to 
cause much loss from vvarpinp; and cracking, it is necessary to add mate- 
rials which of themselves have no fire-shrinkage, and so decrease the 
shrinkage of the mixture in burning. Sand or sandy clays are the 
materials most commonly used for this purpose, but ground bracks 
(grog), and even coke or graphite, may be employed. These materials 
serve not only to decrease the shrinkage in drying and burning, but also 
tend to prevent blistering in an easily fusible fermgmous clay when hard- 
fired. ‘They furthermore add to the porosity of the ware, and thus 
facilitate the escape of the moisture in drying and in the early stages 
of burning, as well as enabling the prodiud, to withstand sudden changes 
of temperature. If sand is added for this purpose, it may act as a flux 
at high temperatures, and this action will be the more intense the finer 
its grain. 

Large particles of grog are undesirable, especially if they are angular 
in form, because, in burning, the (flay shrinks around them, and the sharp 
edges, serving as a w'edge, open cracks in the clay, which may expand 
to an injurious degree. Large pebbles will do the same, and at many 
common brickyards it is not uncommon to see bricks split open 'during 
the burning, because of some large quartz-jiebblc left in the clay, as 
the result of impr()[)er screeming of the tempering sand. For common 
brick, the type of sand used does not make much difference, as long 
as it is clean; but if sand is to be added to fire-brick mixtures, it should 
be coarse, clean, quartz-sand. Hurned (flay-grog is more desirable than 
sand for high-grade wares, since it does not affect the fusibility of the 
clay, or swell with an increase of temperature as sand does, but precau- 
tion should be taken to burn the clay to its limit of shrinkage before 
using it. 

Measurement of shrinkage —A knowledge of the air- and fire-shrink- 
age of a clay is of vital importance to the manufacturer of (flay-products, 
since, in order to produce a burmxl ware of the required dimensions, 
he must know the air- and fire-shrinkage of his raw clays. 

The shrinkage of a clay may be expressed linearly or cubically. 
The former is given in percentage terms of the original length' of 
the ware, and is (easily determined by direct measurement. To deter- 
mine the cubical shrinkage in drying, it is necc^ssary to carefully 
determine the volume of clay when moist and again when dry, while 
the difference in volume between the latter and that of the burned clay 
gives the cubic fire-shrinkage. 

Determination of volume.— The change in volume, to be determined- 
for getting the cubic shrinkage, is measured by means of a Seger volu- 
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meter (Pig. 32). This consists of a four-litre, widc-inouthed, glass-stop- 
pered jar. A circular opening in the center 
of the stopper is fitted with the ground- 
end of a short glass tube which ex- 
pands above into a bulb b, and is again 
contracted above it. The jar has a 
glass stop(! 0 (!k c near its liase, which is 
connected above with a burette a of 
125 c.c. capacity, and graduated to 
tenths. The upper end of the burette 
also widens to a bulb /, from th(‘ top 
of which there extends a bent liib(‘ for 
the attachment of a rubber, this tube 
being used to draw the liquid into the 
burette. 

When the stopcock in the lower part 
of the burette is open, and the lapiid 
filled in jar up to the mark on the small 
glifss fube VI, the licpiid stands at the 
zero-point in the burette. 

The method of using the apjmratus, 
together with the results obtained on a 
number of Iowa clays, was as follows: ^ 

" To use the volumeter for determining 
the volume of clay, it is filled with oil, ''' ' '‘'i— ^ 

ordinary kerosene with a sjiecific gravity 

of 0.8 (which must be accurately knowm) \()lurnrici, ff)r 

having been found to give satisfactory porosity and ,sp(‘. 

results. ■ 

After filling the jar the bureltc is drawn full of the liquid by suc- 
tion through the rubber tube, and held full by turning (he burette- 
valve or by means of a pinch-cock on th(‘ rubber, d'he stop})er is now 
removed, and the test-piece of th(‘ clay, which is still plastic and per- 
meated with water, is carefully wiped dry of the coating film and put 
in. The test-pieces, which were tqiproxinnitely 3 inches long, were 
allowed to dry till, on jiicking up a. piece endwise In'twecn the thumb 
and finger, the middle portion did not sag. This point was noted care- 
fully and all samples were treated in this regard exactly the same. Care 
is taken not to snatter any of the liquid in placing the block of clay 

‘ la. Heol. Survey, Vol. XIV, p. 107, 1904. 
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in the jar. In order to prevent this, and to avoid breaking or other- 
wise marring the test-piece by dropi)ing it into the vessel, a small wooden 
float or sup])ort by which the clay may be carefully let down into the 
liquid is advantageous. This float is conveniently made with a small 
eye or hook near each end so that it may be handled by reaching in with 
two stiff bent-wire rods. Some siufli arrangement as this is found quite 
iK'cessary in handling raw clays, but can be dispensed with when the 
clays arc burned. The stopper is now replaced, and by releasing the 
pinch-^ock d oil from the burette is allowed to flow back into the jar 
until it stands at the mark on the short tube. 

The volume of the clay is then indicated by the height of the liquid 
in the burette above the zero mark. The piece of clay is taken out 
and placed to dry while the volumeter is again filled to the zero points 
to be ready for the next test. 

“ When dry the clay is heated to 2)10° F. to expel all hygroscopic 
moisture and after weighing it is placed in a vessel of oil until saturated. 
This is found to require from three to six hours for small test-pieces 
of approximately 3X1.JX1^ inches. When saturated the piece is 
again weighed and its volume measured as before. Having nbw the 
wet and dry volumes, the percentages of cubical shrinkage in drying 
are easily calculated. 

“ In measuring fire-shrinkage the same test-pieces were employed 
that were made use of in determining drying shrinkage. Tlu\y were 
placed in a small muffle-furnace and burned to a tem})erature of 700° 
to 800° C. lly burning at this heat dehydration and oxidation of the 
clay were completed. It is about the temperature at which common, 
porous red-building brick is burned. For the large number of clays 
vitrification has not yet begun at this heat, and they are left in the most 
porous condition attained during any part of the burning process.” 

The results of a number of determinations made on Iowa clays, 
giving the cubic air- and tire-shrinkage, as well as the porosity of the 
dried and burned clay, are tabulated on page 163. 

It will be seen from the above table that in two cases there was 
a slight expansion of the mass, as indicated by the minus fire-shrinkage. 

Porosity 

The porosity of a clay may be defined as the volume of the pore- 
spa(!e between the clay particles, expressed in percentages of the total 
volume of the clay, and depends on the shape and size of the particles 
making up the mass. The maximum porosity would be found in a 
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Porosity and Cimic Shhinkaok of Iowv Clays 



Porosity of 

I’orosity of 

C’uiac 

( lll)lc 

('lay. 

uiiburnod 

clay 

burned 

clay. 

air- 

bhnnka>£i' 

fiie- 

slii iJikage. 

Flint Brick Co,, Ijottoni of lank 

ao 01 

20 1)1 i 

1) 11 

1 01) 

Flint Brick Co., middle ot bank 

00 

21 74 

28 81 

1 82 

Flint Brick Co., top of bank 

17 :h 

22 ;h 

20 2.8 

4 24 

Corey Pressed Brick Co., red-burning. . 

:io 10 

.88 21 

10 1)1 

2 87 

Corey PrcLSsed Brick Co., buiT-burning, . , . 

28 10 

21) .’■)!) 

27 00 

2 01 

Colesburg Potters’ (’lay 

28 m 

2.'! 51 

18 25 

.5 02 

Granite Brick Co., top stratum 

2.8 00 

25 .57 

4 80 

-*2 88 

American Brick & Tile Co., plastic shale. 

20 71 

80 40 

21 .52 

0 00 

L. C. Besley, top of bank 

21) 77 

82 00 

6 88 

-2 47 


clay made up entirely of spherical grains of the same size, but such 
clays arc practically unknown. On the contrary, all clays, so far as 
known, are made uj) of a mixture of sizes, which greatly reduces th(' 
porosity. In general we may say, however, that increasing fini'iiess 
means increasing jiore-space. 

The rapidity with which a clay absorbs water is not to be regarded 
as a criterion of its j)orosity, for two clays of the same porosity may 
differ in grain, on which account the coarse-grained one will absorb 
water more ra[)idly than the fine-grained one. 

The porosity of a clay is of importance, because it infiucnci's the 
behavior of it towards water, heat, etc. These effects may be sum- 
marized as follows: 

Porosity influences the amount- of water which a clay will absorb, 
or the amount required to make them plastic, an<l this will in turn 
influence the air-shrinkage. 

The possible rate of safe drying depends on the amount of watiT 
absorbed and the facility with which it can escape; large pores pi'r- 
mitting the water to escape rapidly. Small pores, on the other hand, 
retard both the absorption and evaporation of the water. 

In the burned clay, too, the porosity has to be considered, for all 
clays after burning are more or less porous unless burned to vitrification. 
In most clay jiroducts a low porosity is desirable in order to incnaise 
its riisistance to the weather. If a product is very porous, it will absorb 
considerable water, which on freezing expands. If the pores are large, 
the 'pressure exerted by the expanding water on freezing will be relieved 
by the exudation of small ice crystals from the pores, and no harm 
results. If, on the other hand, the pores are small, this cannot occur, 
and a sufficient pressure may be exerted from the contained ice to dis- 
integrate the mass. With close-textured clays the i)orosity may be 
so small that not enough water can enter to cause any harm. 
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The porosity of the clay in cither its raw or burned condition ig 
determined by means of a Sc^ijer volumeter described under Shrinkage. 
The porosity percentage is determined by the formula 

I 

P^.-LxiOO, 

\ 

in which V ^volume of wot test-piece; 

f/ = difference in weight between dry and saturated test-piece 
or the weight in grams of oil absorbed ; 

« = specific gravity of oil. 

In testing the porosity of burned wares distilled water can be used. 
Tlie specific gravity of this at ordinary temperatures can be taken as 
unity, and s therefore disappears from tlie formula, g becomes cubic 
centimeters, and the expression reduces to 

i'=^-X100. 
specific Gravity 

The specific gravity of a clay is not a factor of great economic import- 
ance, although it has to be known in order to detcnninc the porosity 
by the formula mentioned under that head. Since also it is related tc 
the density of the mass, which no doubt exerts some influence on the 
fusibility of the material, it is require<l for the determination of the 
fusibility factor by certain methods (sec under Fusibility). 

This is assuming that the more compact a clay the lower its fusion 
point, and it has been pointed out * that according to this a clay might 
have one specific gravity as it came from the bank, and this would 
change with each manipulation. A knowledge of the specific gravity 
of clay based on this conception is of little value, however, since it is 
not the true specific gravity which depends on the mincralogical composi- 
tion and not the porosity. As such, the specific gravity of the clay will 
remain constant, whatever its condition. 

There is comparatively little variation in the specific gravity of the 
minerals most abundant in clay, as can be seen from the following: 

Kaolinitc 2.6 Quartz 2.65 

Calcite 2.71 Feldspars.... 2.55-2.75 

Biotite 2.7-3. 1 Muscovite... 2.76-3 


‘ la. Geol. Surv. XIV p. 114, 1904. 
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Iron oxides would he heavier; still they form hut a small percentage 
of the entire mass. 

Some of tlie recorded specific gravities of clay fall considerably 
belovv the average specific gravity of that of the common minerals found 
in clay, which may be due to the method of determination used. 

In a scries of New Jersey clays tested by the \^^lter the gravity 
ranged from 2.34 to 2.S4.1 

Beyer and Williams give the range of Iowa clays tested as from 2.32 
to 2.64.2 

The Missouri clays tesb'd by Wheeler^ ranged from 1.66 to 2.64, 
while the determinations of Smock on the New Jersey clays ranged 
from 1.80 to 2.60. 

The lower values obtained by Wheeler and Smock arc no doubt due 
to the method used by them, wliich consist'd in coating a lum[) of clay 
in paratlin so that it could not slack in water, and then determining the 
weight in water of this lump. This should perhaps be called the 
apparent specific gravity. 

The differences obtained by the two methods have been well brought 
’out*by a series of tests on West Virginia clays given below:® 


Clay 

Appjuonf 

Ki.ivity 

I’oiosity. 

Htal specif 

(’•tlcu- 

latcd 

c Kravity. 

l’\t tiom- 
C(CI 

Point Pleasant River clay 

1 75 

.80 2 

2 51 


Barboursvillc clay . 

1 (;s 

29 1 

2 .17 


Clarksburg clay . ... 

1 92 

2.'{ 8 

2 52 


Morgantown slialc 

1 S6 

1 88 

25 5 

2 19 


Morgantown shale . . .... 

20 1 

2 .58 


Bri(lgcf)ort ])()(! cry clay 

1 70 

1 81 

25 1 

2 85 

2 41 


Thornton i)laslic clay 

28 0 


Thornton Hint clay • • ■ 

1 91 

25 8 

2 01 

2. 57 

Hammond Hint clay 

1 71 

20 5 

2 84 

Charlestown River clay 

1.88 

29.4 

2.60 

2.01 


’ N. J. Gcol Surv., Final Report, Vol. VI, p. 114, 1904. 
2 la. Geol. Surv., Vol. XIV, p. 110, 1901. 

« Mo. Geol. Surv., Vol. XI, p. 502 et seq , 1896. 

<N. J. Gcol. Surv., Report on Clays, 1878. 

® W. Va, Geol. Surv., Ill, p. 05, 1900. 
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Determination of specific gravity. — The simplest method of determin- 
ing the true specific gravity of a clay is by means of a pycnometer of the 
ordinary type, or it can also be made with a Seger volumeter, using the 
formula 

^ a 

' K(1U0 j)er cent— P)’ 

in wiiich 

G = actual weight or mass of test-piece when dry; 

V -apparent volume, or clay plus pore-space; 
percentage of porosity. 

Fusibility 

All clays fuse at one temperature or another, the temperature of 
fusion de[)ending on (I) the amount of fluxes; (2) the size of grain of the 
refractory and non-refractory })articles; (3) the homogeneity of the mass; 
(1) the condition of the fire, whether oxidizing or reducing; and (5) the 
form of clieniical combination of the elements contained m the clay. 

The clianges occurring in the early stages of burning have been 
referred to under Fire-slirinkage and Chemical Properties, and in the 
table given on page 15S it was seen that the clay had become steel-hard, 
due to a jiartial fusion of some of the particles. 

In considering the changes which occur in the fusion of clays it is 
necessary to remember that clay is not a substance of definite chemical 
composition, but consists of a mixture of minerals each having its own 
melting-point. 

When clays undergo a fusion [irocess they do not soften at once, but 
melt with com|)arative slowness. This is not surprising when we con- 
sider their heterogeneous composition, and may account for their slow 
softening as one kind of a mineral after another fuses. As soon as a 
softening of one or more of the mineral grains occurs interreactions 
between the different ones begin, the number involved increasing until 
all constituents of the mass are involved. In most cases no reaction 
occurs between any of the grains until one melts, but it is not necessary 
to reach the fusion-point of each before it can react with the others. 

Thus carbonate of lime and carbonate of magnesia lose their carbon 
dioxide at a comparatively low temperature, and the remaining oxides 
of these elements are highly refractory if heated alone. If, however, 
they are mixed with other minerals, they appear to react with them long 
before their fusion-points are reached. 

On account of the gradual softening of clays when heated to their 
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fusion-point Wheeler has su/^gested the recognition of the following 
stages : 

Incipient vitrification. — In this stage the clay has softened sufficiently 
to make the grains stick together, and enough (o prevent the recognition 
of any, except the larger ones. The particles have not, however, soft- 
ened sufficiently to close up all pores of the mass. 

Complete vitrification. — A further heating of the clay, through a 
variable temperature interval ranging from about ‘27.7° C. (50° to 
111.1° C. (‘200° F.), or sometimes even more, produces an additg’nal 
softening of the grains sufficient to close up all the i)ores and reiuh'r (he 
mass impervious. Clays burned to this condition of complete vitrifica- 
tion show a smooth fracture with a slight luster. The attainment of 
this condition also represents the })oint of maximum shrinkage. 

Viscosity. — A still further but variable rise in the temperature is 
accompanied by both swelling and softening of the clay, until it flows or 
gets viscous. 

It is sometimes difficult to recognize precisely the exact attainment 
of these three conditions, for the clay may soften so slowly that the 
ihange fw)m one to the other is gradual. 

According to Wheeler ^ the hardness of a clay when it has reached 
the first of these three stages is from 6 to 6.5 according to Mohs’ scide; 
or in other words it cannot be scratched with a knife. The temperature 
of steel-hardness varies with the character of the material, impure, 
easily fusible clays becoming so at a low temperature, such as cone 05, 
while others, such as kaolins and some fire-clays, fail to roach this 
condition before cone 5 to 8;^ but with other things equal, a, highly 
plastic clay will burn steel-hard at a much lower temperature than one 
of low plasticity. 

The difference in temperature between the points of incipient fusion 
and viscosity varies with the composition of the clay. In many calcare- 
ous clays these points arc within 27.7° 0. (50° F.) of each other, while in 
refractory clays they may be 277° C. (500° F.) apart. The glass-pot 
clays which are refractory, but still burn dense at a comparatively low 
temperature, approach the last-mentioned condition (juite closely. 

Wheeler gives the following ligures of variation based on the tests 
af L% clays.3 


' Mo. Gcol. Survey, Vol XI, p. 130, 1890. 
^ For explanation of lliese see p. 180. 

®Mo. Geol. Survey, Vol. XI, p. 131, 1896. 
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Number of 
clays. 

Range. 

Character 

2 

75® F. 

Very calcareous. 

33 

300® F. 

Very impure clays and shales. 

11 

350® F. 

Less impure clays and shales. 

63 

400® F. 

Fire-clays, potters’ clays, kaolins. 

26 

500® F. 

Some china-clays, pure fire-clays. 


It is of considerable practical importance to have the points of incipient 
vitrification and viscosity well separated, because in the manufacture 
of many kinds of clay-products the ware must be vitrified or rendered 
impervious. If, therefore, the temperature interval between the points 
of incipient vitrification and viscosity is great, it will be safer to bring 
the ware up to a condition of complete vitrification without the risk 
of reaching the temperature of viscosity and melting all the wares in the 
kiln, because it is impossible to control the kiln temperature within 
a range of a few degrees. In many clays the point of complete vitrification 
seems to be midway between that of incipient vitrification and viscosity, 
but in others it is not. 

Effect of chemical composition on fusibility.— Other things being 
equal, the temperature of fusion of a clay will fall with an iacrease ip 
the percentage of total fluxes. If we compare the analyses of a brick- 
clay and a fire-clay, we shall find that the analysis of the former shows 
perhaps 12 or 15 per cent of fluxing or fusible ingredients, while that 
of the latter may show only 2 or 3 per cent, and that their fusion-points 
are perhaps 1093° C. (2000° F.) and 1644° C. (3000° F.) respectively. 
But while in general the fusion-point falls as the percentage of fluxes 
rises, it is found that the different fluxes exert a different fluxing influence; 
that is to say, it requires more of one than another to bring about the 
same degree of fusibility. Moreover there is a variation in the tempera- 
ture at which the different ones become active. 

One of the first investigators to throw some light on this subject 
was a German by the name of Richter, whose researches have become 
classic. He formulated three laws, as follows: 

1. The refractory quality of a clay of any given proportion of silica 
and alumina is most influenced by the fluxes in the following order: 
MgO, CaO, FeO, NajO, K 2 O. 

2. Chemically equivalent quantities of these oxides exert »equal 
influences on the refractoriness of a given clay; that is, 40 parts of 
magnesia, 56 parts of lime, 72 parts of ferrous oxide, 62 of soda, and 
92 parts of potash will each produce an equal degree of fusion in the 
same quantity of the same clay. 
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3. If a mini])(T of fhixos are prosoiit in a clay, llu' fusibility j)ro(Iuc(Hl 
\\ill be i)r()|)orti()nal to the sum of their chemical eciuivahaits. Ib^r 
• example, a clay with the fonniila 


0.15 K_>0 
0.15 (aO 


I , Al^O.,, 2Si()2 


^lllUllll fiiso at llio saiMO toinperature as one of llie coiiiiio.sil ion 


0,1 K.O 1 
(U ( aO [, AIA, 
0.1 FeO J 


In workini!: out. tlu'se laws, Richter ummI a series of alumina-Mlica 
mi\tur('S, to which known proportions of the llnxc's \\(M-e then aihh'd. 


S, U'l I 



Fig. 33. — Fliaj^ram showing effect of silica on the fusion-}K)int when mixed with 
alumina and with kaolin. (From Soger’s experinienhs.) 

t 

In his first series lie employed silica and alumina mixed in tin; same 
pro{)ortions as in kaolinite, while in a second but similar series he 
used a higher silica percentage than is jiresent in kaolinit(‘. 

Considering the case of silica and alumina in the jiroportions that 
tjicy exist in kaolinite, it is found that they have a fusion-point of about 
1830° C. (3320° F.), or cone 36 of (he Seger scale. The continued 
addition of silica to this lowers its fusion-point until the ratio of AF();j, 
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17Si02 (or 1:10 by wcij^ht), is readied, the fusion-])()int of this beinp; 
about 1650° C. (3002° F.), or cone 29, but a continued increase of 
silica raised it. 

Silica, therefore, is to be regarded as a flux to alumina, at high 
temperature, and should not, therefore, be present in excessS in 
refractory clays. 

Moreover, the presen(‘e of silica in a clay seems to intensify the effect 
of other fluxes. 

CrsHiner 1 at a later date attempted to verify Iticliter’s experiments, 
but found that the fluxing power of oxides is only true in so far as it 
concerns kaolinite, while in ihe presence of free silica he found the flux- 
ing power as follows: FeO, MgO, CaO, Na^O, KoO. In other words, 
if free silica is present the oxides do not act according to tluar chemical 
equivalency, 72 parts of ferrous oxide, for example, being more effec- 
tive than 40 ])arts of magnesia., etc. 

Important as the results of Richter and Cramer are, the laws do 
not hold (rue for the changes ordinarily taking place in a kiln, even 
though they be burned to vitrification. That is to say, the law only 
holds true when all the elements of (he clay can take part in the ffisiou of 
the mass; in other w'ords, when it lias reached a slate of compl(‘t(‘ fusion. 

In the melting of a clay, a reaction occurs betweem the silica, alu- 
mina, and the various fluxes, giving rise to the formation probably of 
complex silicates, and it is supposed that the various elements (Miter 
into comliination in the same form. Thus iron, whatever its state of 
oxidation in the clay, is lielievc'd to ent(‘r into combination in (he fer- 
rous form, and theiTfore its fluxing power is rc'ganh'd as due to the 
action of ferrous oxide. So, too, lime enters into combination as ('aO, 
magnesium as MgO, and sodium and potassium as Na^O and KoO, 
respectively. 

Richter’s work on the fusibility of clays has becMi more recently 
discussed by Ludwig^ from the view-jioint of modern chemical theories: 

“The fusion of silicates results in the production of igneous solu- 
tions holding dissolved various silicates. Thus Seger Cone No. 1, con- 
sisting of a mixture of feldspar, kaolin, quartz, and Rrric oxide, is, 
when fused, a mutual solution of feldspar, (juartz, augite or horn- 
blende. If we could cool this mass slow'ly, these silicates w'ould crys- 
tallize out one after the other. This has actually been done by Prof. 

'Tonindustrie-Zeiiung, 181J.'), Nos. 10 and 41. 

* Tonindustrie-Zeitung, XXVIII, j). 778, 1004. The abstract of the paper here 
given is that of Bleininger, Trans. Anier. Ceram. Soc., VII, p. 275, 1005. 
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Vogt of Christiania, who has shown that the temperature of fusion 
is always highest when only one definite silicate crystallizes out, and 
‘lowest when it represents a mixture of several silicates. This coin- 
cides ^perfectly with the general phenomenon observed in all solutions, 
namely, that, on dissolving any substance, a decrease of the melting- 
point takes place. It is immaterial whether the melting-point lies at 
0° or at 1200° C. The compositions of the slags and glazes are prac- 
tical illustrations, inasmuch as the most fusible combinations of cither 
kind of silicate are always the most complex ones. When two siltcates 
are combined, they invariably result in a mixture having a lower melt- 
ing-point than either, owing to the formation of the so-called eutectic 
mixture. Thus, mono-calcium silicate fu.ses at cone 15; on adding 
one molecule of silica to two molecules of this silicate, the melting-point 
falls to cone 7, but on adding more quartz the fusion-point again rises, 
Again, in a clay containing besides silica and alumina the various fluxes, 
the melting-point is governed by the fusing-point of the eutectic mix- 
ture of these constituents, which represents the most fusible combina- 
tion possible. This explains also why feldspar begins its fusing effect 
*in a body much below its melting-point. The eutectic mixture is 
invariably high in fluxes at the lower temperatures, but takes up more 
and more silica as the temperature is raised. Silicates proper are more 
fusible than high alumina mixtures, and hence more silica is brought 
into solution than alumina, which is dissolved only at high tempera- 
tures. This explains the fact that aluminous clays show the greatest 
refractoriness. As the solution increases in amount the clay softens, 
and finally, when there remains but little undissolved matter, fusion 
takes place. This manner of melting is characteristic of solutions 
while substances homogeneously crystalline melt suddenly without soft- 
ening. Thus the final melting-point depends upon the ratio of the 
alumina to the silica and the amount and kind of flux. 

“ The foundation of these fusion phenomena is the following general 
law applying to dilute solutions: 

" Equi-molecular quantities of different substances dissolved in equal 
amounts of the same solvent lower the melting-point in the same degree. 

‘^he law applies to substances in general, indifferent as to whether 
they are bases or acids, the only requirement being that they are soluble. 
With reference to clay we must therefore consider lime, magnesia, potash, 
soda, and titanic acid as the dissolved substances. 

“If now we are to compare refractory clays as to their melting-points 
we must calculate the molecular formula of each clay, making the alumina 
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('quivalent equal to unity and adding the equivalents of various fluxes, 
obtaining thus a formula like 

AI 2 O 3 +2. 125S O 2 +0.0756RO. 

Since in this expression there are but two variables, Ludwig plotted 
the silica equivalent as the abscissa of a curve and ten times the equivalent 
of the RO as the ordinate, and in this manner he located various Ger- 
man fire-clays in a chart, verifying the clays by their melting-points in 
Segef cones. 

“Richter’s law, strictly speaking, applies only to dilute solutions, and 
hence if the amount of fluxes is considerable the law loses much of its 
force. If does not apply, therefore, completely to glazes or glasses. 
Differences from this general law are not due to chemical reasons, since 
it does not matter in what chemical combination a flux enters into a 
clay, whether as feldspar or as potash, but must be sought for in the 
different mechanical conditions. 

“ Ludwig summarizes his work in the following conclusions: 

“ 1 st. Richter’s law is a special case of the general law of dilute solu- 
tions. 

“ 2 d. This law is restricted by the following conditions: 

“ (a) It applies only to very dilute solutions, that is clays with a 
small amount of fluxes and not to brick-clays or glazes. 

“ {h) It assumes intimate mixture. 

“ (c) Iron shows a different effect, duo to its two stages of oxidation, 
since one molecule of ferric oxide corresponds to two molecules of ferrous 
oxide. A given percentage of iron contains fewer molecules of ferric 
oxide than of ferrous oxide, since the former has a higher molecular 
weight. On changing to the ferrous oxide the number of molecules 
is doubled, and hence the fluxing effect is doubled. 

“ 3 d. The analysis of a fire-clay is of great importance in esti- 
mating the refractoriness. 

“4th. The estimation of the refractoriness by means of the per- 
centages of alumina and fluxes leads to erroneous results.” 

Kaolin, Quartz, Feldspar Mixtures . — It was found by M. Simonis,^ 
that of a series of mixtures of these three substances, the mi: tures 
of feldspar and kaolin fused at higher temperatures than feldspar- 
quartz mixtures, although the melting-point of the quartz was higher 
than that of the kaolin. With a content of 70 per cent of feldspar 


* Sprechsaal, No. 29, p. 390, and No. 30, 402, 1907. Abstracte d by Bleininger 
Amer. Chem. Soc. Abstracts. 
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th ' two curves were found to intersect. With 85 per cent felds[)ar 
the kaolin mixture fu.^ed lower than the corresponding (jiiartz mix- 
ture. The fusion curve of kaolin and (piartz showed the minimum 
fusiryi;-point to be 1 molecule ALO.j to 17 molecuh‘s of SiOj. 'riic 
minimum fusinjij-jioint of 25 per emit kaolin and 75 jier cent (piartz 
w'as found to lie between cone 201 and 2()|. The follow 111 , 12 ; table 
shows the melting-points of a number of feldspar-(piartz-kaolin mix- 

tUlH'S. 


Zot lilt/, 

(JiiaO/, 


MrlliiiK- 

i /ritlll/. 



Mfliiin:- 

kaolin 

per ('(MP 

p(‘l trill 

point III 

kaolin 

pin It III 

poi 1 fill. 

[loinl III 

, 0 . ron< 



Srpio cidu's 

IH'I (I'lH. 



St i-'fi 1 oni"^ 


C) 

S5 

0 10 

.:o 

55 

15 

20 


so 

70 

1 1 

I ;;o 

70 


27 


1.') 

55 

15 k; 

15 


.T) 

20 


0.') 

15 

17 

15 

15 

10 

20 27 


70 

50 

20 27 

' 15 

.:o 

25 

27 2S 


s.") 

15 

••■lO M 

15 

15 

10 

20 

if) 


S5 

0 

15 

55 


20 .50 

15 

la 

70 

10 II 

.1.) 


15 

2S 


SO 

55 

15 1 1 

. 5.5 

i.') 

50 

1!0 5,0 

f.', • 

la 

, 10 

15 

55 

' ;;o 

! 15 

.50 i 

].) 

a a 

.50 1 

17 IS 


15 


.50 .51 

1 .) 

70 

15 ! 

-20 

i 70 


:io 

51 1- 

1 .) 

Sa 


2S 20 

j 70 

15 

J5 

52 

.ao 


70 

1 1 

70 

50 


52 1- 

;u) 

15 

55 

10-17 

1 S5 


i5 

.55 51 

so 

i 50 

10 

17 IS 

S5 

15 


5.5 51 

;jo 

i 15 

1 25 

1 

- 20 

1 

1 

1 

1 




The writer ])lotted the compoMtions on a triaxial diagram and 
connected the points by isothmanals. In this way the tw'o refractory 
areas, one high in clay the other high in (piartz, are clearly located 
as well us the areas of soft porcelain, whiteware, and hard porce- 
lain. The feldspar invariably acts as a neutral and constant flux. 
Hence, in order to determine the mclting-|)oint of a porcelain oi* white- 
ware mixture, it is necessary only to divide the clay and (juartz into 
the ratio' of 1:3 and to consider the lialance as raising and th(‘ hdd- 
spari content as lowering the fusibility. This consideration applied 
Old/ to bodies containing not more than 00 per cent feldspar, and 
the ‘mode of calculation is simjdy a jiractical one which has worked 
out very well in practice. If the iiercentagcs of kaolin, (piartz, and 

feldspar are z, qu, and /, for bodies high in clay in which the 

refractory index - 2 — 60. For bodies high in quartz, where 

O 
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the index =- z-f-lGO. For the purpose of ol)taining 

• 1 /- 

the value of the refractory index in terms of the S(^ger cones, the 
following table is given: 


Ref. index 

17.5 

22. G 

28 

3.3.7 

39.2 

44.6 

50 

.57.6 

Soger onno 

n 

15 

IG 

17 

IS 

10 

20 

26 

Ref. index 


72 

80 

80 

102 

114 

127 

111 

Soger cone 

27 

2S 

2t) 

30 

31 

32 

33 

3t 


The melting-] )oint of these mixtures were determined in electric 
carbon resistance furnaces. 

Homogeneity. — 1 nless the particles of each (‘lenient or com])ound 
are uniformh’ distributed through tin* mass tlu'y will not prodiua' tlieu’ 
maximum (‘ffect. hew clays as they occur in nature are p(‘rf(‘ctly uniform 
in com])osition. 

It is sometimes argued from this that in t(‘sting clays for their fusi- 
bility it is luxrssary to n'lider them as homogeneous as jiossible, but in 
order to obtain ivsults of practical value the clay should not be mi\(‘d 
and ground up any more than it would be for the ]);n‘ticular /-lass of 
clay ])roducls to which it is ada])tcd. 

Influence of texture.— The size of the mineral grains exerts an 
important effect on the fusibility of the clay. Other things being (Hiual, 
a tiiu'-gndned clay will fuM‘ at a low(‘r t(Mn])eratur(‘ than a coarsc'-granuMl 
on(‘, ])artly b(‘cans(‘ tiiu'ly dividc'd partich's can come into more intimate 
contact, and the air-sj)ac(‘s beiiu’ diminish(‘d the lu'at will be transmittc'd 
])ett(‘r. Then, too, when the |)articl('s Ix'gin to fuse or t]u\ with (‘ach 
oth(‘r. this action Ix'gins on the surface of th(‘ grains and works inward 
towards the c(‘nt(‘r. If, tlunvfore, the easily fusible grains aiv of small 
siz(' they fuse more rapidh', and are more' eltectiv(‘ in thc'ir iluxing action 
than if the grains wc'n; large. Since some of the mineral gr.ains in the 
clay are more n'fractory than others, the clay in the (‘arkK'r stagi's of 
fusion can be iTgarded as a mixture of fus(‘d i)articl(‘s with a sk(‘leton 
of unfusc'd ones. If the jiroiiortion of the former to the latter is very 
small there will be a strong hanh'ning of the clay with littl(‘ shrinkage, 
and the buriK'd clay will still be porous. With an incivaseof temper.tture 
and the fusion of more j)articl(‘s, the ])or(‘s fill U[) more and inore.^^ind 
the shrinkage goc'S on until, at the point of vitrification, the space, are 
completc'ly filhxl. Above this point there is no longer a sulliciditly 
strong sk(*leton to hold the mass together, and the clay begins to (K w. 
The conditions which influence the difference in temiierature betwa^ ai 
vitrification and viscosity still remain to be satisfactorily explainee, 
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I but it probably depends on the relative amounts of fluxes .ind non- 
fluxes and the size of grain of the latter. The cfTc..t (;f rrain size is 
^ shown by the following experiments ^ 

A white clay from Georgia, having a fusion-point equal to cone 35 
of tl¥) Seger scries, was made up into a series of mixtures with (tl lid- 
minerals. One set of mixtures consisted of: 

A. PJqual parts of clay and hornblende, the latter being gi'i mid 
to pass a 150-mesh sieve. 

B. The same as A, the hornblende pa.ssing through a lOO-inesh^sieve 
and stopping on a IbO-rnesh. 

C. The same as A, but the hornblende ground to })ass an ^0-mesh, 
but retained on a lOO-mesh. 

When burned to cone 5 the three were little affected, exce])t that 
the one with the finest grains was colored uniformly red, while that 
with the coarsest grains presented a speckled a)q)earanc(*. When 
burned to cone (S the bar of mixture A was considerabl} bent at both 
ends, while that of B was nearly straight, and C was ])erfectly straight- 
At cone 10, B was thoroughly fused and C slightly bent. 

"This seemed to show well the effect of grain size in the case of horn- 
* blende. The object of taking such a large amount of fluxing material 
was simply to get results at moderate temperatures. A second simi- 
lar set of mixtures, containing calcite in jilace of hornblende, gave simi 
lar results. 

Condition of oxidation.— Finally it ’s found that the same clay 
will fuse at a lower temperature, if in burning it is deprived of oxyg('n, 
than it will if burned in an atmosi>here containing pl-'iity of the laiter * 

Specific gravity changes. — Purdy and Moore found in burning a 
series of clays that as the heat was raised the specific gravity decreased,** 
although in a few there appeared to be a slight increase at first. The 
decrease in porosity appeared to be approximately parallel with the 
specific gravity decrease, which points to the fact that the rate of de- 
crease in specific gravity is proportional to the rate of vitrification. 
It is their belief that these data determined for any clay will afford- 
them a sitfe means of judging its value. 

Figs. 33a and 335 show the decrease in specific gravity and 
porclity with r sing temperature of a fire-clay and a paving-brick shale. 

* dies, Trans, Amer. In.st. Min. Engrs., Vol. XXXIV, p. 205, 1904. 

»ee also under Iron Oxide, 

/Trans. Amer. Ceram. Soc., IX, p, 204, 1907. 

’ I* This same phenomenon appears tf) h.avc been noted by Laurent (Brogniart, I, 
0 / 282 ) and Rose (Pogg. Ann., LX VI, p. 97, 1845). 
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Expression of fusibility.— Several investigators have aimed to 
exprass the fusibility of a clay by means of a formula based on the 
relation of fluxes to refractory elements, fineness of grain, or density. 



Temperatures, Expressed in Cones 


Fig. 33a. — Diagnun showing relation between specific gravity and temperatnl^e of 
burning. (After Purdy and Moore.) 

Bischof’s formula. — One of the earliest developed was thatofBisc^.of^ 
whose expression termed the FcAicrfeaticjknts-Quoticnt is as follows:\i 

F O = ^ (Oxygenjn Al20^)2 • i 

■ (Oxygen in RO) (Oxygen in Si02) ’ ' 

‘ Die feuerfesten Thone, p. 116. 
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in which RO represents the sum of the fluxes, each considered as the 
protoxid. The F.Q. may ran^e from a small decimal to 25 . 

According to this formula the fusibility of a clay will vary directly 
as the square of the oxygen in the alumina, and inversely as the 
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of 14, and the least refractory that is used for fire-brick has a value 
of 1 . 6 . He selected seven type clays, which he considered repre- 
sentative of each of these groups. 

Objections to Bischof’s formula have been stated by Wheeler ^ as 
follows: 

“ 1 . That while an increase in the percentage of alumina decreases 
the fusibility, when it becomes very high it acts the ])art of an acid 
instead of a base and tends to lower the fusing-point, or the reverse 
of Bischof’s formula when this point is reached; neither docs the fusi- 
bility decrease when the alumina is in moderate amounts, at the rapid 
rate of the square of the alumina. 

“2. When the silica is present in amounts greater than a mono- 
silicate (which is always the case with clays), the fusibility decreases 
as the silica increases, which is just the reverse of Bischof’s formula. 

“3. As a broad rule, the fusibility increases as the bases increase, 
at least to the extent that they occur in clays; but there is a very great 
range of fusibility according to the bases that arc present. The alka- 
lies are more readily fusible than the ferrous oxide, and this in turn 
than the lime or magnesia. Again a mixture of bases is more^ fusible 
than a single base, and the greater the number of bases the greater 
the fusibility, Bischof’s formula, however, pays no attention to the 
bases present, or the number of them. 

“4. Again equal weight is given to all fluxes, and all physical factors 
are ignored. 

Seger’s formula. — H, Seger,^ recognizing the unsatisfactory character 
of Bischof’s formula, suggested the following substitute: 

PO - , AI 2 O 3 

ROXSiOa"^ RO ' 

While this formula gives better results, it likewise neglects porosity 
and texture. 

Wheeler’s formula. — Wheeler ^ has suggested a formula for expressing 
the relation between the detrimentals and non-detrimental constituents 
of a clay, which he terms the Fusibility jador It is 

pp N 

r.i^- I 



* Mo. Geol. Surv., Vol. XI, p. 146, 1896. \ 

* For discussions on development of this formula, see Collected Writings ^ ■ 
Seger, Translation, I, p. 486, 1902. 

* Mo. Geol. Surv., Vol. XI, p. 149, 1890. 
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in which N = siim of total silica, alumina, titanic acid, water, and car- 
bonic a(‘id; 

D = total fluxes, namely, alkalies, iron oxide, lime, ma^uiesia; 
l)' = snm of alkalK's. 

friiis formula mak('s Jio disfmction between free and eojubined silica 
and assumes that silica in a fn^e slate does not act as a flux. Tli(‘ alk;di(‘s 
are added twi(*e, because of I heir supposed greater fluxing power. This 
formula is applicable howevi'r only to clays which are physically alike. 

For those of differinj^ physical properties Wheeler suggests the fusi- 
bility factor 


C having these values: 0^1 wIk'u day is coai’sr^ gi'aincd and specific 
gra\’itv (‘xcei'ds 2.25; 

Cb=2 when clay is coarse' grained and sjrecific 
gravity range's from 2 to 2.25; 

Cb-o whe'U e-lay is ceiai'se' graine'el aiiel spe'e'ifiei 

gi’avily 1 ‘aiige's from 1.75 to 2.1)0; 

0-— 2 whe'U e-lay is line' graineel anel spee-ific 

graxity is eeve-r 2.25; 

C---3 whe'U e-lay is fine gi-aiiU'el anel .spee-ilic 

gravity is fi’emi 2 to 2.25; 
wire'll e-lay is fine' gr-aine'd and specific 

gi'avity is fi'emi 1.75 te> 2.25. 

While this formula is a step in the- right, elii'e'e-l ioii, it is not idleige'lher 
satisfactory, as, for example', the' value-s ai’e' nert specific be'e-ause the-i’e is 
iH) ace-urate methoel e)f e'xpi'e'ssing the^ line-iie'.ss. .Meu’e'erver’, the spee-ific 
gravity is nert tlie true- spe'e-ifie' gi’axity. 

The-r’c is, afle-r all, some (pre-stron in the aiitherr’s miiiel whe'lhe-r- a 
ferrmula involving the ne'e-e'ssity erf at le'asl. a. che'inical analxsis aiul 
specifre-gravity dete'i'minatiem is any more \aluable than a statement 
of the actual tempei’atui’e err cerrie erf fusiern. 


{ Methods of Measuring Fusibility 

he methoels iiscel for measuring the fusibility of clays may be divieled 
two classes, namely, the elir’e'ct anel indiree-t. 

/ Direct methods.— The; temix'rature at whie-h a clay fuse's Is eletermincd 
•e^/hcr by means erf test-pieces of knerwn comjrersitiern or by .se)me form 
/f apparatus err mechanical pyrometer, the prirrciple of which elcperids 
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oil the exj)iii]si()ii ()l\a,ases or solids, tlu'nno(‘lo(‘tri(*ity,s|)('ctn)|)liotomotry; 

While there are many different h)rnis of llies(‘ on the market a few 
only, especially those which have been most commonly used, need be 
d(‘scribed. * 

Seger cones. - -ddiese l(‘st-|)i('c('s consist of a s(‘ries of mixtures of 
clays with Ihixt's, so graded that tlaw repix'sent a series of fusion-points, 
each bi'ing but a few (h'gnx's higher than the oik^ next to it. They are 
so callf-d b('cause originally introduced by II. Seger, a (IcTinan ceramist. 
Th(‘ materials which h(‘ used in making them w(‘re .such as would have 
a constant (*omj)osit ion, and consisted of washed Zetllit/; kaolin, Kcjrstraiid 
ieldspar, Norwegian (piartz, Carrara marbl(‘, and pun' ferric oxid(*. 
Cone I melts at the same temperature as an alloy compos('d of one 
tiart of platinum and nine parts of gold, or at 1 1 50° C. (2102° T.). Cone 



Fig. .31. Seger cones u.scd for detennining heat etTects in kilns. Nos. 7 and 8 
uen' conipletcly melted; No. 10 was dightly softened; No. 12 was nnalh'cled; 
No. 0 was bent eoinpleUdy ov(‘r, bnt not mellcd. The fusing point of cone 9 
was reached. 

20 melts at the higliest tiunperature obtained in a ])orcelain furnace, 
or at 1530° C. (2780° F.). The difference between any two successive 
numbers is 20° ('. {3()° l’\), and the upjier memln'r of tluist'ries i.s cone 30. 
('one 30 is com])osed of a very ix'fractory clay slate, while cone 35 is 
<'omposed of kaolin from Zetlhtz, Bohemia. A lowx'r serii's ol nunil^ers 
was produced by ('ramer, of Ih'rlin, who mi.xed boracic acid withlthe 
materials already mentioned. Ilecht obtained still more fusible mixtjires 
T v adding both boracii* acid and lead in proper proportions to the co\es.^ 
The result is that there is now a st'Hcs of 01 numbers, the lusion-po\it 
of the lowest being 500° C. (1001° F.) and that of the highest 1040° (^. 

^ The Tonindustric Laboratorium of Berlin, Cor., has more recently addetk 
numl)ers 37, 3S, and 39 to the series, but their circular docs not give the com- 
position of them. 
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(3470° F.). As the temperature rises the cone begins to soften, and 
when its fusion-point is reached it begins to bend over until its tip touches 
the base (Fig. 34). For practical purposes these cones are very successful, 
though their use has been somewhat unreasonably discouraged by 
some. They have been much used by foreign manufacturers of clay 
products and their use in the United States is increasing. 

The composition and fusing-points of the different members of the 
series are given below : 


No. of 
(kme. 

.022 

.021 

.020 

.019 

*018* 

.017 

.016 

.016 

.CM 

.013 

.012 

.011 

.010 

f 

,08 

3 

.00 

.06 


Composition and FusiN{M’01nt.s of Seger Cones 




Coinposihon. 

^Fu8^ng-point.-^ 

° F. » C. 

)0 6Na.O) 
}0.5 PbOj' 


t2 0 SiOJ 

)i 0 iy),i 

1,094 

590 

i0.5Na,()) 
jo 5 PbOi 

0 1 

y2 2 Si0.d 

AIA 0 BA) 

1,148 

620 

o o 

0 2 

AlO 

^10 BAt 

1,202 

650 

iO 6 Na,()) 
|0.5 PbOt 

0 3 

0 BAt 

1,256 

680 

^0 6Na/)) 
|0 6 PbO) 

0 4 

t2 8 SiO.) 

}\ 0 B./)3t 

1,310 

710 

^0 6Na,()) 

to, 5 Pboi 

0 5 

, (3 0 HiO,) 

|1 0 B,0,l 

1,364 

740 

^0 6Na,()) 
to 5 PliOi 

0 65 

Ain t3 1 HiO,,t 

tt 0 ILOat 

1,418 

770 

^0 6Na.,Ot 
to 6 I’bO) 

0 6 

AlO 

Al/N tl 0 BA) 

1,472 

800 

^0 6Na,()) 

to 6 PbOS 

0 66 

.... t‘^ 

tl 0 IMM 

1,526 

830 

to 5Na/)t 
to, 5 PbO) 

0 7 

, - t3 4 SiOd 

A''”' )1 0 li/M 

1,580 

860 

to 6Na,.0) 
to 5 PbO) 

0 75 

.I SiO.) 

tl 0 

1,634 

890 

to 6Na./)t 
to 6 PbOt 

0 8 

A1 n t-'l « 

^10 iy)j 

1,688 

920 

to‘3 K./)t 
jO 7 CaOt 

0 2 

0 3 

¥c,0, t3 50 SiOJ 

AlA t6 •'>!> IWt 

1,742 

950 

'to 3 K,()t 
to 7 CaOt 

0.2 

0.3 

¥e,0, t'l '')•'> SiOJ 

Aip, |0 45 15,0,) 

1,778 

970 

to 3 K,/)t 
to 7 CaOt 

0 2 

0 3 

Fe,0, (.I «n SiOJ 

Al,0, )0 40 15,0,) 

... 1,814 

990 

to 3 K,0} 
to 7 CaOt 

0 2 

0 3 

Fc,0, );5.65 SiOJ 

A1,0, )0. 35 15,0,) 

1,8.50 

1,010 

to 3 K,.0) 
to 7 CaO) 

0 2 
0.3 

Fc,0, )3 70 SiOJ 

A1,0, )0. 30 15,0,) 

. . . 1,880 

1,030 

to 3 K^Oj 
to. 7 CaOt 

0 2 
0.3 

Fc,0, )3 75 SiOJ 

A1,0, )0. 25 15,0,) 

.... 1.922 

1,050 
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Composition and 

F USING-POINTS OF SeOER CoNES— 

-(Continued) 


No. of 
Cone. 




CoinpoBition. 

^Fusing-point.-^ 
“F. ®C. 

.04 

JO. 3 
|0.7 

K.O) 

CaOj 

0.2 

0.3 

Fe^O, J3.80 SiOO 

Al,Os jo 20 B^Ogj 

1,958 

1,070 

.03 

JO 3 
)0.7 

K,0) 

CaOj 

0.2 

0.3 

Fe.,Oa J3.85 SiO^) 

Al.O^ ^0 15 B^OgJ 

1,994 

1,090 

.02 

JO. 3 
^0.7 

K,0) 

CaOj 

0.2 
0 3 

Fe.Og J3.90 SiOgj 

2,030 

1,110 

ALOj jo 10 B^Ogj 

.01 

JO. 3 
‘')0.7 

KoO) 

CaOj 

0.2 

0.3 

Fc., 03 J3 95 SiOg) 

A\,0, )0 05 BA) 

2,066 

1,130 

1 

JO. 3 
)0.7 

K.O) 

CiiOJ 

0.2 

0.3 

mpI 

2,102 

1,150 

2 

JO 3 
^0.7 

K,0) 

CaOj 

0.1 

0.4 

A.:®: 

2,138 

1,170 

3 

JO 3 
\0 7 

K,0) 

CaOj 

0 05 Fe^O., K 

0 4.'; Ailo^ i"* 

2,174 

1,190 

4 

JO. 3 
)0 7 

K,0) 

CaOj 

0.5 

A1..034Si02 

2,210 

1,210 

5 

JO. 3 
)0,7 

K,0) 

CaOj 

0.5 

A1.^035Si02 

2,246 

1,230 

6 

JO 3 
)0 7 

K,0) 

CaOj 

0.6 

AljOgOSiOg 

2,282 

1,250 

7 

JO. 3 
io.7 

K,0) 

CaOj 

0.7 

Al20g7Si02 

2,318 

1,270 

8 

JO. 3 

K,0) 

0.8 

Al^O^HSiO.. 

2,354 

1,290 

jo. 7 

CaO j 


9 

JO. 3 
^0 7 

K,0) 

CaOj 

0 9 

AW^'^iOa 

2,390 

1,310 

10 

JO. 3 
jo 7 

K.O) 

CaOj 

1.0 

AlgOglOSiOg 

2,426 

1,330 

11 

JO 3 

jo. 7 

K,0) 

CaOj 

1 .2 

AL 03 l 2 Si 02 

2,462 

1,350 

12 

JO 3 
;o.7 

K,0) 

CaOj 

1.4 

ALO^HSiO^ 

2,498 

1,370 

13 

JO 3 
jo 7 

K,>0) 

CaOj 

1.6 

Al^OgieSiO^ 

2,534 

1,390 

14 

JO 3 
^0.7 

K,0) 

CaOJ 

1.8 

AljOglHSiOj 

2,570 

1,410 

15 

JO 3 
}0.7 

K,()) 

CaOj 

2.1 

Al 20321 Si 02 

2,606 

1,430 

16 

JO. 3 
)0.7 

K,0) 

CaOj 

2.4 

Al^O ,248102 

2,642 

¥50 

17 

JO 3 

jo. 7 

K,0) 

CaOJ 

2.7 

Al203278i0, 

2,678 

/,470 

C 

18 

JO. 3 

jo. 7 

K,0) 

CaOj 

3.1 

ALOgSlSiOj 

2,714 

< 

1,4^10 

19 

JO. 3 

jo. 7 

K,0) 

CaOJ 

3.5 

Al^OgSSSiOj 

2,750 

1,510 
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CoMro.siTioN' AND Fi'si\<;-f()i.\ts OF Skokr t'o^iEs ~((\tntiniiu{) 


No. of 

Cone. 


( Olllposlt lOM. 



— Fii'inK-poiiK 

“F 

c. 

20 

10.3 
^0 7 

Iv,()| 

CaOl 

0 9 Al,(),,09SiO.,. . 



2,7.S() 


500 

21 

. ^0 3 

(0 7 

KA)) 

t'uOl 

4 1 Al.OpiSiO, . 



i,S22 


,.5.50 

22 

io 3 
)() 7 

K,0) 

CaOi 

1.9 AlA),49SiO,. . 



i.s.is 


,.570 

20 

10 0 
}{) 7 

K.O^ 

CaOl 

5 4 Al .OAlSiO, . 



2,,S9 1 


,.590 

24 

10 0 
10 7 

l\ .O] 
CaOl 

0 0 Ai,oy»osio, . 



2,900 

• 

010 

25 

10 0 
p) 7 

K ,0} 
CaOl 

0 0 Al,O|()0SiO, . 



2,9t)<» 


,000 


10 0 

KA)) 

7 •> \l o 7aSi( ) 



1,002 


,0.50 


p) 7 

CaOl 







27 

10 0 
pi 7 

K ,01 
C;iOl 

20 AI,O;200SiO, 



{.o;!s 


,(;70 

2S 

AI,() 

, 10 

SiO, 



t074 


1 ,090 

20 

Al_,() 

1 s 

SiO 



t.l 10 


1,710 

00 

Al,() 

1 0 

SiO; 



LI 10 


,700 

01 

. .Al,() 

, "> 

SiO 



LIS2 


,750 

02 

Al.o 

1 

SiO 



L21S 


,770 

.00 

A1 ,( ) 


Si< ) 



0,251 


1,790 

:u 

'PO 

! 2 

SiO, 



0.290 


I.SIO 

05 

A 1,0 

i 2 

SiO, 



.0,.020 


1 ,SOO 

,00 

A1,()t 1 - 

') SiO, 



;{,;{02 


1 ,S.50 

07 


— 




.0..09S 


1 ,SS0 

OS 






0.104 


1,910 

O') 






0,170 


1 ,910 


In actuai 

u.se they an* placc'd in 

the kihi 

at a point 

where 

tlu'V 

can 

lx* 

woitched 

throu 

_ih a peep-hole (1* 

'i.a. 3.3), 

but at tlu* 

same 

tinu* 

will 


not rcr‘('iv(! tho (lin'cl I ouch of I Ik* llatiic from tin* iin*]. Il is always 
u'c'll to pul twa) or inon* coiu’s of (lifhTcnt numhors in tlu* kiln, so (hat 
warnin'; can lx* had, not only of tlx* cud j)oint of firiiij; hul also of (la* 
rapidily . with which the (('mpc'ralun* is rising. 

In dctc'rininin;; tlu* jiropcr coiu* to use in hurnin^ any kind of wan*, 
several cones are put in the kiln, as, for evainph*, numhers .OS, 1 and o. 
If .OS and 1 are Lent o\(*r in l)urnin,i;- and 5 is not affecl(*d tlu* t('ni- 
perature of the kiln is lx‘(ween I and 5. 'Flu* next time numlx*rs 2, 
o, ; nd 4 are jmt in, and 2 and may lx* fused, hut 1 remains ui'alfected, 
indicating that the temperatun* r(*a(‘hed tlu; lusin,<;-point of 3. 

While the temperature of fusion of each cone is ^iven in tlu* pre- 
ceding^ table, it must not be understocxl that these cuiie.s are for measure 
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in^ (onii)onilur(', hut ratluM’ L)r inuasiirinn; pvroclicinioal nffe(!ts. Thus 
if (‘ortaiii ciian^es an' j)n)(lu(*('(l in a day at (hn fusint^-poinr. of cone 5, 
the same dian^es can Ix' n'prodina'd at tho fu.sion-point of this none, 
althou,ii:li tlu^ actual temperature of fusion may vary somewhat, due 
to vai’iation in tlie condition of the kiln atmosplu'n'. As a inattc^'r of 
fact. how('V('r, rcjieated te^ts with a thermoelectric pyrometer demon- 
strate that th(' coiK's commonly fus(' close to the theoretic tenip('ratures. 

Manufadiina-s occasionally claim that the cones are unn'liable and 
not siV*^isfactory, forgetting- that their misuse may often be the true 



Fig. 3."), — Section of kiln diowing method of pl:icing S<'fl:('r cones. 


reason for irregularitu's in tlu'ir Ix'havior. It is uniu'cessary, ])ei-haps, 
to state that certain reasonable' jire'cautions should Ix' taken in using 
these test-pieces. The coni'S an' commonly fasti'iu'd to a bi-ick w-ith 
a piece of wet clay, and should be set in a vertical position. After 
being placed in a position where they can be easily .seen through a peep- 
hole, the latti'r should not be opened widely during the burning, 'lest 
a cold draft strike the cones, and a skin form on its surface and inter- 
fere with its bending. If the heat is raised t(X) rapidly, the cones which 
contain much iron swell and blister and do not bend over, so that the 
best results are obtained by the slow .softening of the cone under a 
gradually rising temperature. Aside from this, however, trouble lias' 
been experienced with cone.s Nos. 010 to d, which may act irregularly 
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if exposed for any length of time to sulphurous fumes from the fuel, 
as in burning in some muffle-kilns, whore there is not a free circula- 
tion of air in the muffle. The sulphuric acid appears to cause a vola- 
tilization of the Iwracic acid, and unite with the lime in the exterior 
of the cone, forming a hard skin of less fusible character than the interior, 
which melts while the outside is still hard. It has been suggested that 
the composition of these members of the cone series be cluinged.^ One 
eet of cones cannot be used to regulate an entire kiln, but several sets 
should be placed in different portions of the same. One ad\ 4 autage 
possessed by cones over trial-ineces is that the cones can be watched 
through a small peep-hole, while a larger opening must be made to draw 
out the trial-pieces. If the cones .arc lieated loo rapidly, those con- 
taining a large percentage of iron are apt to blister. 

Zimmer 2 has pointed out that with slow firing in a large biscuit- 
kiln the cones T O reached a melting-point (ff 25° to 30° C. lower than 
those placed in a small trial -kiln, whose temperature increased faster, 
but since it is lieat cffectr) .and not degrees of temperature that we are 
measuring, this makes no difference. 

• While the different members of any one make of cones are usually 
consistent w’ith each other, the same numbers of different makes do not 
always agree. This fact was well brought by II. E. Ashley,^ w ho tested 
the different makes together, plotting the results of his tests in the table 
shown in Fig. 35u.. In this the Columbus cones are spaced equidistant 
for convenience. The temperature at which the cones .are supposed to 
melt, as given by the Toniridu^trc-Zeitimg, are placed to the left of 
the Orton (ColumbusI cones in the figure, while tlic temperature at 
W'hich Geijsbeek^ found them to melt are given in Ji corresponding 
column on the right of them. The column on the extreme right gives 
the melting i)oints of Iloldcroft & Co.'s patent thermoscopcs. These 
are straight, dry-pressed bars, placed liorizontally with a support at 
either end. Under the influence of heat they sag in the middle. 

After many veurs of experience with these cones, not a few' ceramists 
believe that some of the cone numbers are too close together, and could 
be properly loft out. 

•Experience has also shown that wdiile the cones are not designed to 
measure degrees of temperature, nevertheless they often, if not usually, 
fuse quite close to their theoretic melting-point. Such at least has been 

> Trans. Amer. Ceram. Soc., Vol. II, p. GO, and III, p. 180. 

>Ibid., Vol. I, p. 23. 

•Trans. Amer. Ceram. Soc., VIII, p. 159, 1906. 

•Trans. Amer. Ceram. Soc., Vol. VI, p. 94, 1904. 
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the author’s experience when the heat was not raised too rapidly, but 
Geijsbeek’s figures given in Fig. show a somewhat strong diver- 
gence. 

Rothe^ determined the softening points of cones 4^20 in an iridium 
furnace, in an atmosphere of nitrogen, each test lasting 90 miniftes. 
Both a Le Chatelier iridium, iridium-ruthenium couple and an optica 
pyrometer were used. 

The cones, which were smaller than the commercial articles, were 
fastened to a Marquand poicelain tile, and it was found that the rate 


Burn of 48 Hours 

American German English 



Fig. 35a.— Diagram showing relative fusibility of different makes of cones. 
(Trans. Arner. Ceram. Soc., VIII, 1900). 

of heating for at least 20 minutes before the .softening point should not 
exceed 5*^ C. per minute. 

His result are given in the table on the next page. 

Another observer, M. Simonis^ made up a series of mixtures corres- 

^onind.-Zeit., XXXI, No. 101, p. 1366, 1907. 

*Sprech8aal, No. 6, p. 71, 1907. 
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Cdue 

No. 

Theoretifi 
fus point 

Observe 1 
fus point 

Oono 

No 

Tlieoretic 
fiis iMlint 

ObscrvtHi 
fm iioint 

Cone 

No 

Theoretic 
fus point 

Observed 
fas point. 

4 

1210 

1225 

10 

1330 

131.5 

If) 

1 1.50 

1460 

5 

1230 

1225 

11 

13.50 

1.300 

17 

1470 

1480 

6* 

12.50 

1200 

12 

1370 

1375 

IS 

1490 

1510 

7 , 

1270 

1285 

13 

1390 

1.39.5 

19 

1510 

1525 

8 

1290 

1305 

14 

1410 

1410 

20 

1530 

1530 

9 

1310 

1335 

15 

1130 

1435 





pondinj^ to tho composition of Seger conos 19 to 25. These \ver« prc- 
})arcd from Zettlitz kaolin, sand, marble and feldspar, ground in a 
[loiTclairi ball mill, and made into tctrahedra of the usual size. They 
were melted down at both slow and ra|)id rates in an electric carbon 
resistance furnace, having tubes 0.5 and 13 cm. in diameter. The tem- 
peratures, as determined by the Le Chatelier pyrometer were as follows: 


Cone. 

Obspived 
fusion point. 

Cone 

Obsoivod 
fu.sioii point. 

19 

15.30°C. 

2.3 

1 5.5.5° C. 

20 

1.548 

24 

1500 

21 

1.5 IS 

25 

1.50G 

22 

1550 

20 

1500 


The melting-points are so close together that the use of cones 21- 
25 seems unnecessary, they are moreover not numbers which are much 
used in the industries.^ 

The cone numbers used in the different branches of the clay-work- 
ing industry in the United States are approximately as follows: 


Common brick 012-01 

ilurd-burncd, common brick 1-2 

Buff front brick. . ^9 

Hollow blocks and fireproofing 03- 1 

Terra cotta . 02- 7 

Conduits. . . . 7-8 

White eartlienwaro ■ • 8-9 

Fire bricks . ^-11 

Porcelain. .. 11-13 

Red earthenware 010-05 

Stoneware. , . ^ ^ 

Elc(ftric porcelain 10-12 


Thermoelectric pyrometer. — This pyrometer is one of the best 
instruments for measuring temperatures. It is based on the principle 
of generating an electric current by the heating of a thermopile or ther- 
moelectric couple consisting of two wires, one of platinum and the 
other of an alloy of 90 per cent platinum and 10 per cent rhodium. 
The.se two are fastened together at one end, while the two free ends 
are carried to a galvanometer which measures the intensity of the cur- 
rent. That portion of the wires whi ch is inserted into the furnace or 

> For discussion of Simonia re.sult8, see also Sprechaaal, No. 9, p. 118, and No. 
17, p. 157, 1907. 
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kiln is plncT‘1 within two porcelain tubes, one of the latter being smaller 
and sliding within the other in order to insulate the wires from each 
other. The larger tube has a closed end to protect the wires from the 
action of the fire-gases. The shortest tubes put on the market are 
about 15 inches long, while the longest are 54 inches. 

To measure the temperature of a furnace or kiln the tube containing 
the wires is i)laced in it cither before starting the fire, or else during 
the burning. If the latter method is adopted, the tube must be intro- 
ducea very slowly, to prevent its being cracked by sudden heating. 
The degrees of temperature are measured by the amount of deflection 
of the needle of the galvanometer. 

Thermoelectric })yrometers arc useful for measuring the rate at 
which the temperature of a kiln is rising, or for detecting fluctuations 
in the same. It is not necessary to place the galvanometer near the 
kiln, for it can be kept in the office some rods away. This pyrometer 
is not to be used as a substitute for Seger cones, but to supplement them 
The more modern fbrms have an automatic recording-device. As at 
present put on the market the thermoelectric pyrometer costs about 
$130, and the price, delicacy of the instrument, and lack ot realiza- 
tion of its importance have all tended to restrict its use. However, 
many of the larger clay-working plants are adopting it, as it is better 
than other forms of pyrometer for general use and probably more accu- 
rate. It can be used up to 1600° (1. (2912° F.). 

Wedgewood pyrometer. — This pyrometer, which has been used 
from time to time in ceramic establishments, depends on the shrinkage 
of clay cylinders, whose contraction is supposed to be proportionate to 
the temperature to which they are exposed. Their behavior is unreliable. 

Lunette optical pyrometer. — This consists of a small telescope con- 
taining a (piartz plate between two Nicol prisms. When looking at a 
heated body through it one of the prisms is revolved until the red color 
changes to yellow, then green, and lastly blue. The angle of rotation 
necessary to extinguish the red is measured, and the temperature deter- 
mined by this means. It is only approximate in its recording action 
and rather unsatisfactory in its work. 

Classification of clays based on fusibility.^ — The fact that different 
clays fuse at different temperatures makes it possible to divide them 
into several different groups, the divisions being based on the degree 
of refractoriness of the material. Such a grouping, however, is more 
or less arbitrary, since no sharp natural lines can be drawn between 
the different groups, and it is to be expected that no grouping pro- 
* N, J. (Jcol. Surv., Fin. Kept., VI, p. 100. 
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posed will meet with univers;il a])provaI. The following classification 
was adopted by the author in studying the New^ Jersey fire-clays: 

1. Highly refractory clays, those whose fusing-point is above cone 33. 
Only the best of the so-called No. I fire-clays belong to this class. 

2. Refractory clays, those whose fusion-point ranges from cone 31- 
33 inclusive. This group includes some of the New^ Jersey No. 1, as 
well as some No. 2 fire-clays. 

3. Semi-refractory clays, those whose fusion-point lies between 

cones 27 and 30 inclusive. ^ 

4. Clays of low refractoriness, those whose fusion-point lies between 
cones 20 and 26 inclusive. 

5. Non-refractory clays, fusing below' cone 20. 

Indirect methods. -There are several indirect methods of dijer- 
mining tcmiieratures. but that of Hischof ^ is jierhaps the best known. 
This consists in increasing the refractoriness of weighed samples by 
adding to them increasing (juantities of an intimate ini.xture of ecpiai 
parts of chemically pure silica and alumina, and heating them with a 
prism of Saaraii fire-clay (whos(‘ fusing-point is S(‘ger cone 36) to above 
the melting-point of wrought iron. The amount of the mi.xlun^ recpiired 
to tone the clay up to the sanu^ refract oriiu'ss as the standard indi. 
cates its (quality. It was used by Rischof chiefly for refractory clays- 

Hofrnan and Demond ^ tried the method of mixing various sam])les 
of fire-clays with varying j)roportions of calcium carbonate, and cal- 
cium carbonate and silica, to nmder tlunn fusible at temperat\ircs 
below the melting-point of platinum, while common brick-clays were 
mixed with alumina and silica to decrease their fusibility, the object 
being to arrive at a standard tcanperature at w'hich both refractory 
and fusible clays could be tc'sted. The results obtained at first were 
very satisfactory, but subsecpient ones did not result as w'as desirep 
and the method had to ))e abandoned. 

More recently, however, Ihis method has been tried by J. L. N(*well 
and (1. A. Rockwell with much better results.^ In these last exjieri- 
rnents the Seger cone 26 wais used as a standard, as it was regarded as 
forming the line between refractory and non-refractory clays, the non- 
refractory ones being toned up until they showed the same behavior 
in the fire as cone 26. The amount of toner added then gave an idea 
bow far the clay stood below' the lower limit of refractoriness. 

The silica used in the experiments wars (piartz, ground to pass a 

‘ Dingicr’s Polyt. Jour., Vol. t’XCVI, pp. LLS, .YJS, juid CXCVIIf, p. ;i96. 

2 Trims. Amcr. Inst. Min. Engrs., XXV, p. \i, 1896. 

XXVlll, p. 48.5, 1899. 
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100-mesh sieve and purified by boiling in nitrohydrochloric acid. It 
had 99.88 per cent silica. The alumina contained 98.48 Al20;j. 

The method followed was to weigh out samples of 1 gram of the 
clay to be tested and mix them severally with 0.1, 0.2, 0.3, etc., grams 
of the silica-alumina mixture. The samples were then tested in the 
Devillc furnace. 

The following table gives the results of the experiments just described, 
the clays being arranged in the order of their refractoriness, and in 
each case the amount of flux being given that was reejuired to raise 
the fusing-})oint to that of cone 26 of Segcr. 


Axaioses of ('lays and Restims of Te.st.s 


Sample No. 

2(0 


.31 

22 « 

24' 

2.31 

19822 


Per eeii( 

I’or cent. 

Per cent 

Per cent. 

Per cent 

Per rent 

Per cent. 

8i() 

()l 10 

.5.5 00 

.5/ 10 

.57 4.5 

,57 1.5 

10 40 

44 04 

AUK 

21 70 

21 .44 

21 20 

21 00 

20 20 

24 00 

11 17 

ILO comb 

0 05 

0 7.5 

0 00 

.5 00 

.5 .50 

0 ‘lO 

4 00 

Total 

01 01 

SO 00 

81 40 

84 41 

82.01 

82 70 

.50 01 

Fc^O, 

2 .51 

0 11 

7 41 

^ 7. .54 

7. .54 

8.40 

.4 81 

CaO 

0 10 

0 4.4 

0 20 

0 20 

0 00 

0..50 

11 04 

MgO 

0 .5S 

0 77 

1 .5.4 

1 22 

1 02 

1 00 

1 17 

K.O 

2 02 

4 00 

4 14 

4.27 

.4 0.5 

4 01 

2 00 

Na^jO 

0 od 

0 09 

0 01 

0 .40 

0 ,58 

0 17 

0 71 

Total 

.5 84 

10 40 

1.4 18 

. __ 

12 71 

14 00 

14 04 

24 2.4 

1 

Moi>tiirc 

1.10 

2 0.5 

1 .40 

1 00 

2 70 

1 20 

1 

1.5 00^ 

(Jrand total 

OS ss 

00 74 

08 87 

00 02 

00 40 

08 .54 

1 

1 08 00' 

StilLaiing I’ngn'dumt, 

20 

40 

00 

80 

SO 

100 

1 180 


• N. VV. I.okI an.il. -K Oi (on, .Jr,, anal. ■* lnclu(](“< Mnrludos p.jOr, (). I()%. 


Changes Taking Place in Burning 

The changes wdiicli occur in burning are of two kinds, chemical 
and physical, the two being more or less closely related; id fact the 
j)hysical effects arc often the results of chemical (dianges. 

While the chemical changes are much the same for all clays, still 
they vary greatly in degree. The temperature at which many of these 
occur is also fairly constant, but may be influenced somewhat by the 
composition of the clay and the fire-gases. 

The changes which occur in burning may be roughly divided into 
three stages, termed the periods ef dehydration, oxidation, and vitri- 
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fication, each of which are characterized by certain reactions, bill there 
is no sharp dividing-line between the different ones, the changes of 
one stage beginning before those of the preccnling stage are coniph'ted. 

dehydration period. — In the beginning of l)urning the last traces 
of moisture arc driven off. This vapor, which is lermed water-smoke 
or steam by the brick-maker, is simply the moist un^ which has lu'en 
retained in the jiores of the clay. Its expulsion results in a slight loss 
of weight. The driving out of the moisture is facilitated by raising 
the heat slowly, and by allowing suflicient draft to pass throujh the 
kiln in which the clay is being burned. Raising the temperature too 
fast expels the steam too quickly and cau.ses a popping of the brick. 

On the other hand, a stopjiing or retardation of the draft results 
in a saturation of the kiln atmosphere with moisture, and its de(>()- 
sition on the surface of the ware, producing the effect known as 
‘'scumming” or “whitewashing,” This is caused in this way: All 
bituminous coals contain some sulphur, which on burning is given 
off in the form of sulphurous gas, and is then absorbed by the con- 
densed moisture on the surface of the ware. The acid solution thus 
formed attacks certain salts (especially lime) in the clay, forming soluble 
sul})hatcs, which are left as a white scum on the surface of the Wiire 
when the moisture evaporates. Sulphur in a dry atmosphere would 
cause but little harm. It is therefore d(‘sirable to use a fuel for dehy- 
dration which contains as little water and sulphur as ])ossible. This 
is often a difficult matter, for most soft coal has much of ])oth, and 
wood contains water. Coke and charcoal are good, but their use is 
not always economically ])racticable. 

From the point at which the water evaporates, up to 450° C. (cS42° F.), 
there is practically no change, unless gypsum and magnesite arc pres- 
ent, and these might lose their carbon dioxide at a lower temperature 
(pages 04, 06). The amount of loss in this manner is usually so 
small as to be negligible, but at this point the expulsion of the chemi- 
eally combined water begins and is practically complete by 700° C. 
(1202° F.), that is, it begins at a very dull red and is completed at a 
brigl;t-red heat. 

Before the dehydration of the water is completed, however, other 
gases begin to pass off, including CO 2 from lime and iron carbonates, 
3 u 4 )hur from pyrite,^ and gases producixl by the combustion of carbon- 
aceous matter in the clay, but all of these may not have passed off 
after the dehydration of the clay is ended. Moreover the expulsion 


‘ Pyritc io.se.s only a portion of its sulphur at this temperature, the balance 
passing off later. 
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of some of them requires the presence of oxygen, so that the periods 
of dehydration and oxidation overlap. 

Oxidation period. — In the oxidation process, wliich may begin 
at a comparatively low temperature, as low as 500° C. (932° 1\), and 
is probably completed by 900° 0. (1652° F.), the following changes 
may take i)lace: 

1. The oxidation or burning off of the combustible matter. 

2. The expulsion of the remaining sulphur from pyrite. 

3. The driving off of carbon dioxide. 

4. The oxidation of any ferrous iron to the ferric condition. 

Two things should be borne in mind in this connection: 

1. Oxidation may be accomplished without the aid of heat, the 
process going on slowly when the clay is exposed to the weather. In 
this case both FeS 2 and Fe (.'03 may ])e chang('d to the oxide, and even 
organic matter may be partly eliminated. 

2. The porosity of the clay materially affects the process, a loose, 
open-textured clay allowing these changes to take place more readily 
than a close-textured, fine-grained one, which retards the entrance 
of the oxidizing gases into the mass. Grog is sometimes added to 
open the grain. 

From this we can .sec that the pre.sencc of much air mixed with 
the fuel-gases facilitates the removal of combustible elements in the 
clay, especially organic matter. Since air carrying oxygen is necessary 
to help in removing them, it follows that the clay must be sutliidently 
porous to allow the air to jienctratc it. Now if the expulsion of the 
water in the clay is retarded, thereby keeping the jiores of the clay 
more or less closed up, it may retard the expulsion of otlier gases, some 
of which may be retained in tlie clay, until the rising temperature has 
sealed up the pores by vitrification. Thus imprisoned, and subjected 
to a rising temperature, they may by expansion bloat the ware. As 
pointed out by Beyer and Williams, ^ it is not definitely known what 
gases become thus impri.soncd, but they may be CO 2 , or SO 2 , and some 
have suggested that oxygen liberated by the reduction of iron to the 
ferrous condition may also aid in bloating or blistering the ware. 

In burning bricks, for example, if the ware is raised to a vitrifying 
heat before oxidation is complete, the iron in the central part of the 
mass remains in a ferrous condition, and forms a black core. This 
may be followed by a swelling as explained under sulphur. 


‘ la. Geol. Surv., XIV, p. 278, 1904. 
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During the temperature interval in whieh dehydration and oxida- 
tion occur there are few or no reactions going on between the clay 
particles, but as the tempera jure of vitrification is approached chemi- 
cal union occurs between the difTerent miner^ds in the clay, and as it 
goe» on involves an increasing number of elements in the reactions, 
which become exceedingly com[)lex. 

The clay, if red-burning, will show a much brighter color at the end 
of the oxidation period. 

Vitrification period. — In this stage texture plays an importiwit rble 
(see under Fusibility), for in finer-grained clays chemical reactions 
arc more widespread and take place more easily than in coarse-grained 
ones. Increasing density of the clay and increasing homogeneity of 
the mass produce similar effects. 

These chemical reaid-ions result in the formation of silicates of ex- 
ceedingly complex character. 

The temperature of vitrification is exceedingly variable, being as 
low as 900° C. (1652° F.) or 1000° (\ (IS32°F.) in some clays, while 
in others it may be 1200° C. (2192° F.) or even higher. 

Aftor the clay is completely vitrified a further rise of temperature 
causes it to swell, soften still more, and finally run. 

The effect of ferrous iron, carbon and sulphur have been referred to 
under their r(;.-^pectiv(^ captions, which see, but still it will do no harm 
to refer to them coll(;cti\ (‘ly in this jihice, for the three acting jointly 
reach the culmination of their effoits at vitrifying h(*ats. 

It was s'en that tlu' carbon was the primary cause of the black- 
coring ri'action, by pn'venling tla* o\i<lation of sulphur and iron at the 
profier time, but that iron i-. the main cause of the black coloration, but 
only to a small (l(‘gree of the swcdling which sometimes accompanies it, 
in that it helps to hold the sulphur in tlu* clay, and [lossibly causes tho 
clay to fuse at a lower temperature. The sulphur (p. Ill) is the 
real cause of the swelling, by tlie substitution of silicic acid for 
sulphur. 

If all three sulwtanct'S — feiTous iron, carbon and sulphur— are 
present at the same time, they act jointly, sulphur being the worst. 
Clay!^ high in carbon and iron, but free from sulphur, would probably 
blacken by improper burning, but it is not likely to swell. Clay free 
from iron, but high in carbon and sulphur, would probably swell without 
blackening, (day high in sulphur, but free from both carbon and iron, 
is likely to swell from over-firing, but this will occur on the exterior 
•before the interior. 
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Wc may therefore suamiarizo the effects of heating as follows: 

1. Loss of volntilo .substances present, .such as water, carbon dioxide^ 
and sulphur trioxide, tlie volatilization of tliese leaving the clay more 
or less porous, 

2. Oxidation of ferrous t(' ferric compounds, if oxygep is 
pre.sent, 

3. A slirinkage of the ma.ss, by further heating. 

4. Hardening of the clay due to fusion of some, at least, of the 
particles. 

5. Increasing density with rising temperature, the maximum being 
reaidied at the vitrifying point of the clay. 

G. Complete softening of the mass. 

Effects due to variation in the clay.— Burned clays may be of many 
different colors. Although the majority of clays contain suflicient 
iron oxide to burn red, neverthele.ss it is not safe to jwedict, from the 
color of the raw cl.ay, the shade that it will burn, since some bright 
red or yellow clays may yield a buff brick. If considerable iron oxide 
is pre.sent, 4 to 5 per cent, th(‘ brick usually burns red, unle.ss much lime 
or alumina is also present. If only 2 to 3 per cent or under, the clay may 
burn white or buff. An exce.ss of lime in the clay will, however, counter- 
act the effect of the iron oxide and yield a buff brick, but a brick owing 
its buff color to this cau.se will not stand {is much fire as one which 
owes its buff color simply to {i low ])ercrntage of iron oxide. 

Where a clay is mottled, jis nul and w'hitc for instance, the colors 
of the different spots will ndain thiMr individmdity most plainly .after 
burning, unle.ss the clay is thoroughly mixed. Many cl.ays contain 
lumps of wdiitish clay, much tougher than the rest of the mass. The.sc 
resist disintegration in tlie timipering-nuichmes, so tlmt {ifti'r burning 
they can be plainly seen, as white .spots in the red ground of the brick. 

The normal iron coloration may often be destroyed by the effects 
of the fire-gase.-5. When these are reducing in their action (i.e., taking 
a part of the oxygen from the ferric; compounds and reducing them 
to ferrous compounds) the red color may be converted to gray, or even 
bluish blacK, if the reduction is .sufficient, so that in some di.s^trict.S' the 
bricks, on account of lack of air in the kilns and carbomicoous matter 
in the clay, do not burn a very bright red. Moreover, other things 
being equal, the higher tlie temperature at which a cl.ay is burned, the 
deeper will be its color. 

The surface coloration of a burned brick may often be different 
from the interior. This is due to several causes. (1) Soluble .salts 
may accumulate on the surface, sometimes (aiusing a white coating 
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Analyses siiowim; Dieferenoi retween Raw and Burned Clay ' 



I. 

II. 

III. 

IV. 

V. 

\T. 

VH. 

Silica (SiO^) 

74 0.4 

74 5 

71 01 

74 01 

10 15 


50 5 

Alumina (Al/),). • . . 

17 10 

41 4 

15 15 

40 17 

17 1 1 

40 1 

40 4 

Ferric o.xidc (Fe .(),). 

57 

tr. 

50 

1 40 

4 45 

0 4 

0 1 

Lime (CuO). . . 

10 


50 

1 OS 

14 07 

1 1 7 

1 1 0 

Magnesia (MgO). 

2‘J 


47 

1 10 


1 1 

1 S 

Pota,sh (K,0) 

40 

5 

44 

01 

14 

1 5 


Soda (Na^O). . .. 

1)0 

4 

1 14 

01 

.41 

1 1 

• 1 4 

Titanium oxide (TiO,.) 

1 40 

Wll ll 

Alol 1.1 

1 41 

S4 

70 

Wltll 
Al..< ).( 

Wltll 

AbOa 

Water (H/)). ... ‘ 

0 15 

none 

0 00 


1 SI 

5 

none 

Carbon dioxide ((X) ,) 





7 10 

none 

notKt 

Sulphur trioxide (SO ,). 





4 00 

not (» 

none 

Ferrous oxide 






none 

none 

d'otal 

100 t.I 

100 0 

00 41 

100 5 5 

00 14 

00 7 

00 1 

'Fotal fluxes 

1 7') 


4 M 

T) 1? / 

IS 44 




I. Firp-olav from mk milos Muitht-n'-l of Sulpluii Sptitijj;'', IV*\. O. H. I’nlin, niialyst. 
II. Brick from same S II Wot tcl). anal \ '( 

III. k'lrc-clay, At licti'', 'lev () II Balm, ana l\ ^t 
I Ilrc-btick, \l liens, '['('v () H Balm, anal\st 

V. Brick shale. Fell is. T, A- <) II Balm, an,il\st. 

VI Brick fiom same O II Balm, anaivsl 
VII. Hard-buined buck. 0.11 Balm, analyst. 


beciuise they hiive heoii drawn out hy tlu^ (^vaporalion of (li(‘ waLr 
during the drying; on the brick.^ (2) The deposition of fonhi;!! siil,- 
stanees by the fire-;;ases may caibst' a eolored fjaze. This is espi'cially 
seen on the ends of arch-briek, and on the ba<i; walls of a down-draft 
kiln, where the particles of ash curried Hj) from the fires stick to the 
surface of the hot brick and cause a fluxiiuj; action. (B) If the clay 
contains much lime carbonate, and there is much sulphur in the coal, 
the latter may unite w ith the lime, forinin.ji; sulphate of lime, and tluTcby 
prevent the combination of the lime and iron. In this case the c(‘nter 
of the brick, not being thus affected by the gases, may show a buff color, 
whereas the outside has another tint. 

Loss of volatile products in burning. — The analyses (see table 
above) giving the composition of several clays, and the bricks made 
from them, are interesting in showing the loss of the volatile products 
ill burning. 


‘ These analyses would have been of greater value liad it been i)os.siblc to make 
each of a pair on the same sample. The main point tliey bring out is the loss 
of volatile elements. 

* See “ Soluble Salts in Clays,” pp. 115 et seq. 
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Development of silicates in burning. — In many cases a mass of clay 
which has been heated up to a condition of tliorough vitrification or 
higher, will, even though cooled moderately fast, show the development 
of at least crystallites, hut in some instances of crystalline gi'ains suf- 
ficiently well dcveloj)cd to {)erniit their identification. In the study of 
these more attention has perhaps been given to porcelain than other 
typos of ware, andalusite being the mineral most often identified or 
sus]jccted. Those desiring to follow this subject up in greater detail 
are refiorred to the articles listerl below. i 

Color 

Color of unburned clay. — An unburncd clay owes its color commonly 
to some iron compound or carbonaceous matter, more rarely manganese. 
A clay free from any of these is white. 

Carbonaceous matter will color a clay blue, gray, black, or even 
purplish, depending on the quantity jirescnt, 3 jier cent being prob- 
ably sufficient to })roducc a dei'p bhuik; clays in actual use having some- 
times as much as 10 per cent. 

Iron oxide colors a clay yellow, brown, or red, depending on the 
form of oxide present. The greenish color may be due to the silicate 
of iron, and in some clay marls of the Cretaceous it is caused by the 
mineral glauconite. The iron coloration is, however, often concealed 
by the black coloration due to carbonaceous matter, and it is sometimes 
more or less difficult to make even an ajiproximate estimate of the iron 
content in a clay from its color. Thus, for example, two clays have 
been noted by the writer ^ which were nearly of the same color and 
had respectively 3.12 and 12.40 per cent of ferric oxide. 

There is often a marked differen(;e in color between the wet and 
the dry clay, in fact such a difference at times as to make one doubt 
that they are the same material. The dry clay is usually of a lighter 
tint. 

Color of burned clay. — The color of a raw or unburncd clay is not 
always an indication of the color it will be when burned. lied clays 


^ E, Plenske, Uoher Mikrostnictur und Bikhing dcr Porccllanc, S[)rcchsaal, XLI, 
Nos. 19, 20, 21, 22, 23, 1908, contains an excollcnt r^Hum ^ of literature on the subject; 
W. Vernadsky, Bull. Soc. min., France, XIII, p. 256, 1890; J. W. Mellor, Jour. So6. 
Chem. Ind., XXVI, p. 375, 1907; C. II. Wegemann, Trans. Arner. Ceram. Soc., IX, 
p. 231, 1907; Anon. Sprechsaal, XXXIX, p. 1387, 1906. 

* N. J. Geol. Surv.. Final Report, Vol. VI, p. 112, 1904. 



PHYSICAL PROPERTIES OF CLAY 


PJ7 

usually burn red; dccp-yc'llow clays may burn buff or red; cbocnlatc 
ones commonly burn red or reddish brown; white clays burn white 
or ycllowisli white; and »;ray or black ones may burn red, buff, or white. 
Green ones usually chan^^ to red on firin.a;. Calcareous clays arc often 
eithdi* red, yellow, or gray, and may burn nal at first, but turn cnaim, 
yellow, or buff as vitrification is approaclicd, and show a gnumish yel- 
low at viscosity. 

An excess of alumina seems to exert a bleaching effect similar to 
that of lime. , 

The vitrification of ferruginous clays yields browns, greens, and 
blacks, due to the formation of ferrous sihcatesd 

Seger states that the colors which a burned clay may show (h'pend 
on: 

1. The quantity of iron oxide contained in the clay. 

2. The other constituents of the clay accompanying the iron (sec 
Alumina and Lime). 

3. The composition of the fire-gases during th(‘ burning. 

4. The degree of vitrification. 

5. T4ic temperature at which the clay is burned. 

The same author has attempted to classify clays according to (heir 
color-burning qualities as follows:*' 


(Jroup. 

rhamclor of olav 

Color after IniniioK 

1 

High in ahiiiiina and low in iron 

White, or nearly so 

2 

High in alumina and inodeialo iron contciUs 

Pale yellow to pale hull 


[>ow in alumina and high in iiou 

Red 

4 

Low in alumina and Ingh in iron and lime 

Cream or yi'llow 


Slaking 

When a lump of raw clay or shale is immersed under waiter ii falls 
to pieces or slakes, the process ceasing only when the clay has broken 
down to a fine jiowalery mass. The time reijuired for this vari(‘s from 
a few imnutes in the case of soft porous clays to .several wec'ks for 
tougb shales, and some may be incompletely disintegrated even after 
that. 

The slaking property is one of some jiractical importance, as easily 
shiking clays temper more readily, or if the material is to be washed, 
it disintegrates more rajiidly in the log-washer. 


‘ la. (Jeol. Surv., Vol. .\IY, p. .'iU, 1004. 
^Seger's Collected Writings, Vul. 1, p. 109. 
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Permeability 

An interesting^; series of experiments Inis been made by W. Spring.^ 
who finds that clay when under pressure and confined so that it cannot 
expiind on wetting is nearly impervious to water; under such condi- 
tions it will only soak up enough water to fill the pores. The percent. 
aj>:c of water thu:^ absorbed may range from as low as 3.37 j)er cent in 
glass-pot clays to 24.50 per cent in soim^ loams. Wet clay under pres- 
sure w*ill part with its water even though the mass be entirely sur- 
rounded by that li(iuid. 


Adsorption 

Jiy this t('rm is meant- the power which a clay has of removing solid 
substances from solutions with which it is in contact. 

M)rc than fifty years ago T. Way - noticed that clays, and soils 
with a clay base, })osse.ssed extraordinary powers for absorbing water, 
but that in addition the clay substance exhibited greatci’ facKity for 
absorbing the bas<‘s contained in certain salts which were dissolved 
in water. This ai'tion was also seleidivc, certain bases and substances 
being held so that they could not be washed out again. 

Bourry^ states that luiolins do not absorb more than 2 per cent of 
calcium carbonate from a solution, while ])lastic clays can absorb from 
10 to 20 per cent of it. More recently Dr. Hirsch-^ has made a number 
of experiments to test the amount of dis.s()lved salts which a clay can 
ab.sorb when stirred up in a .solution. He found that clays and kaolins 
absorb some of the di.s.solved salt, becau.se after settling the .superna- 
tant licpiid had a lower concentration than it did before; but sand and 
burned clay do not show this power, while fcld.spar and marble possess 
it to .some extent. The amount of .salt thus absorbed was independent 
of the time, and the removal of the salt cca.sed with the settling of tlie 
clay. It is, however, dependent on the kind of clay and kin^l of salt 
and the degree of concentration. Thus barium, lead, and aluminum 
compounds were removed in considerable quantities, while strontium, 
magnesium, and calcium salts were ab.sorbcd to a less degree. The 


' Ann. de la Sot*. g(V)l. de Jit'lg., .XXVlll, 11)01. 

* Royal Ag. Soc. Jour., XI, 1880. (Quoted by Cu.shinan, J'rans. Amer. Cer. 
Soc., VI, p. 7, 1904. 

^ 4>cati.sc on Ceramic Indu.stries, p. fjl, 1901. 

* Tonindustric-Zeitung, No. 20, 1904. 
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.void of the salt seems to influence (he result appreciably. Chlorides, 
nitrates, and acetates are absorbed more (lian sulphates, but alkali 
salts, except the carbonates, are not. The higher the concentration 
of the solution the greater the (piantity of salt absorbed, although in 
a walk solution all of the salt may be carried down. The conditions 
are more complicated in the presem^c of several salts; thus the absorp- 
tion of barium chloride is decreased by the presence of alkali salts, 
acids and bases, and entirely prevented by aluminum chloride. Sul- 
phates are absorbed in the presence of caustic alkalies and acids, while 
the alkali chlorides seem to be hulking in effect. 

Experiments by the author' have also shown that some tannins, 
as gallo-tannic acid, are absorbed by clay, a clear filtrate from a mix- 
ture of gallo-tannic acid and clay giving no reaction with ferric, chloride. 

In this connection it is of interest to refer to the obsiu’vat ions of 
Kohler,^ who finds that clays, among other substances, have the power 
of abstracting metallic oxides from solutions which are filtered through 
them. 

E. C. Sullivan,-' in experinamting along these lines, found that 
when a;^olution containing lOt) cc. of water witli 252 grains of copper 
as the sulphate was shaken up with powdered orthoclase, albiti^, sliale, 
or rnicroclinc, it was found that there was a remarkable intei change 
of bases instead of absor[)tion. The copper entered the silicates, and 
an exact molecular etpiivalent of the Na/), (’aO, MgO, or MnO 

went into solution. The feldsjiar proved mu(‘h more efficient than 
kaolin, and removed from (30 to 100 per cent of the copper from the 
liquid. 

‘ Trans. Amor. Cerani, Soc., VI, p. 14, HK)(), 

^ Adsorptioiispio/csso als Faktoien dor Lagcislaltonluldung uiul LithogeMOsis 
Zcitsclir, fur prakt. (.loologie, Feb. I'.MM, p. lb. 

The Chemistry of Ore Deposition, Jour. Anicr. Cheni. Soe., XXVTI, p. 97G 
and Economic Geology, 1, p. ()7, 1‘J().5. 
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KINDS OF CLAYS 

In this chapter it is proj)')so(l to «;ivc briefly the characters of the 
clays employed for different purposes, beginning with tlie highest grades. 

Kaolins 

This term as commonly used, and it seems to the author the cor- 
rect way to use it, refeis to those wliite-burning clays of residual char- 
acter,^ which arc composed mostly of silica, alumina, and chemically 
combitujd water, and have a very low iierceiitage of fluxing imipurities, 
especially iron. In this country they have been formed (“hiefly by 
the weathering of pegmatite veins, and in rarer instances from fcld- 
spathic qiiartziles,'*^ linu'stone,^ and talcosc schists.'^ There are some 
other ()C(!Urrcnces, as those of Kdwards County, Texas, and the indi- 
anaitc of Indiana,^ whose exact origin does iiTit seem satisfactorily 
proven. 

In Europe they have been formed by the alteration (in most cases 
probably by weathering) of other rock types, e.specially granite and 
quartz-porphyry. 

The mode of origin of kaolin, and changes accompanying same, 
have been discussed on anothiT page (p. 8), and it need simply be 
repeated here that kaolins formed by weathering will grade downward 
into the parent rock, while the depth of those caused by fluoric action 
will depend on the depth of the parent rock and the extent of the path 
through it of the kaolinizing vapors. 

‘ The white-burning sedimentnry clays found in the coa.stal plain area of the 
Southern Atlantic States are at tim«h termed kaohmt, but it would seem wiser, per 
haps, to term these plastic kaolins to distinguish them from the rcKidual ones. • 

^ H. Ries, Private publication of the Kaolin Co., Cornwall, Conn. 

» Wheeler, Mo. Ceol. Surv., XT, p. 162, ISOG. 

^ Hopkins, Ann. Kept, Pa. State College, lSOS-00. 

® Blatchlcy, Ind, Dept. Oeol. and Nat, Res., XXIX, p. G5, 1904, 
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Most kaolins as mined are ratlier siliceous, but in their washed con- 
dition approach closely to the com])osition of kaolinite, from which it 
has been sometimes argued that kaolins are composed chiefly of kaolinite 



Fig. ife,— Map showing kaolin and ball-clay deposits of United States, cast of the 
Mississippi River. (After II. Ries, U. S (Jeol. Hurv. Piof. Pap. 11, p. 284, 1903.) 


ahd quartz. The author himsedf held this view for some time, but 
now feels that it is not safe to make such a broad statement. 

The incorrectness of this theory becomes apparent if we examine 
any series of kaolin analyses, from which it can be seen that the alumina- 
silica ratio is often higher than that required for kaolinite, and this 





202 


CLAYS 


seems best aecoiintod for on the supposition that some of the other 
hydrous aluminum silicates, such as i)holcrite or halloysitc, are present. 

A^^niin, a washed kaolin might have as much as 20 per cent white 
mica, and yet on analysis show a composition approaching rather closely 
to that of kaolinite. ' 

All of these minerals — kaolinite, pholcritc, halloysite, and muscovite — 
are decomposed by treatment with hot sulphuric acid, and therefore 
reported in the rational analysis as clay substance. This is unfortunate, 
because mica is not refractory and should not therefore be grouped 
with tlie other three. 

There is also the possibility that in some highly aluminous kaolins 
some aluminum hydroxide, such as bauxite orgibbsite, might be jircscnt. 

Chemical composition.— The analyses shown on page 203 of both 
native and foreign kaolins, will give some idea of their composition. 
All of these are washed samples with the exception of No. 1. A com- 
parison of analyses 1 and II will therefore show the beneficial effects 
of washing. 

It will be noticed that all of these analy.ses show a small percentage 
of alkalies, due probably to the presence of some undccomposcd‘feldspar 
or muscovite. 

Physical tests.— When tested jihysically they all show a low air- 
shrinkage, low tensile strength, are white-burning, and usually highly 
refractory. The following tests bring out these points well: 

1. Kaolin from Harris Clay Company, Webster, N. C. — Works up 
with 42 per cent of water to it lean mass. Air-shrinkage, 6 per cent; 
fire-shrinkage at cone 9, 4 per cent; average teasilc strength, 22 pounds 
per square inch; fuses about cone 33.^ 

2. Kaolin from Glen Allen, Mo. — Requires 23.2 per cent of water 
to work it up to a lean paste whose air-shrinkage is 4 per cent and fire- 
shrinkage, at 2500° F., S.4 per cent; average tensile strength, 12 pounds 
per s(]uare inch; incipient fusion, 2200° F.; vitrification at 2500° F.^ 

3. Kaolin, Oak Level, Henry County, Va. —Water required, 48.4 
per cent; plasticity and tensile strength, low; air-shrinkage, 1.6 per 
cent; fire-shrinkage, cone 9, 8 per cent, with absorption 36.08 per, cent; 
fusion-point above cone, 27. 

Distribution.— The known workable deposits of kaolin found in 
the United States are all located east of the Mis.sissippi River, with the 
exception of those found in Missouri, Utah, and Texas. The last- 
named two are not worked. The distribution of those cast of the 

‘ N. c. (icol. Siirv., Bull. V4, p. T/J, 1897. 

* Mo. Geol. Surv., XI, p. 578. 
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Mississippi River is shown in Fig. 36, and the Missouri deposits in 
Fig. 56. Reference is made to tlieir occurrence iindei the state (lescri[)- 
^ tions in Chapters VI and VII. 


Amalysks of Kaolins 


• 

I. 

II. 

III. 

IV. 

V. 

VI. 

72 80 
IS 04 
40 

• "os’ 

39 

.42 

Silica (SiOj) 

Alumina (AljOg) 

Ferric oxide (KeA),) 

Ferrous oxide (FcO) 

02 40 
20 ,51 
1.14 

4.5 78 
80 40 
.28 
1.08 
..50 
04 

.2.5 

1 Li’ 40 

2 0.5 

40 28 
80 25 
1.044 

.i92 
821 
/ 1 ()9 

1 .85 

18 .58.5 

78 SO 
17 80 
.85 

40 .50 
87 40 
.80 

tr. 

}■' 

12' 19 

98 29 

Lime (CaO) 

M.'igriesia (MgO) 

Potash (KjO) 1 

Soda (Na,0) f 

.01 

.9S 

1 ’ 18 

2 49 
.20 

4 09 

100 01 

Water 

Moisture 

Total 

8.. SO 
2.5 

7 04 

lOO 00 

1)9 84 

100.701; 

00 57 


VII. 

VlII. 

IX. 

X. 

XI. 

Silica (SiO.) 


4.5 41 

10 88 

48 20 

10 .S7 

17 71 

Alumina (AljO-i) 


40 80 

89 70 

87 01 

.88.00 

8() 78 

Ferric oxifle (FCnO,) 


51 

.79 

40 

.89 


Ferrous oxide (Fe(3) 







Lime (CaO) 


tr. 

.41 

00 

tr. 




tr. 

0.5 

tr. 

.85 


Potash (K.O) 


1 tr. 

1 80 

j 1 .50 

1 22 

2 58 

Soila (Na,0) 


1 .88 

20 




I'ltaniutn oxide (TiO^) 



28 




Water (II, ,0) 


18 9 

10 20 

12 02 

12 ! 70 

18 08* 

Moisture 







Total 


100 50 

99 90 

100 00 

100 0.3 

!00 10 


I. Webster, N, C. Crude kaolin. N (' Ceol. Surv , Ftull. 1.3. p. f»2, lcS97. 

II. Webster, N. V. Washe<l kaolin. Ibid. 

III. Brandywine Summit, l‘a. Hopkins, Pa State Coll , App. Itept P 

IV. Upper Mill, Pa. T. C. Iloiikiiis, Ann Itept., Pa. State Coll., 1899-1900, p. 11. 
V. West Cornwall, C'onn. H. Hie.s, Anal. 

VI. Cden Allen, Mo Mo. CIcol. Surv , -XI, p. .'>02, 1890. 

VII. Leaky, Kdwards C'ounty, Texas. O. II. Palm. An.al. 

VIII. Oik I.evel, Henry County, Vii. Analyzed by Va. C.col Surv. 

IX Cornwall, En«. . . 

X Zettlitz, Bohemia 

XI. Cou.ssac-Bonneval, France 


U. S. Ceol Surv, Prof. Pap. 11, p. .39, 190.3. 


Kaolifis after washing are used in the manufacture of white ware, 
poredain, floor and wall tiles, paper manufacture, and as an ingre- 
dient of slips and glazes. 

• Ball-clay 

This includes those white-burning plastic clays of sedimentary 
character which are extensively used a.s a nece.ssary ingredient of whitc- 

1 See also paper by Bleininger and Loomis, “ The Proiierties of Some American 
Bond Clays,” Amer. Ceram. Soc. Trans., XIX, p. 001, 1917. 
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ware mixtures in order to give the body sufficient plasticity and bond- 
ing power. They must therefore contain little or no iron oxide, and 
possess good plasticity and tensile strength. Refractoriness is desir- 
able, l)Ut those imj)orted vitrify at cone 8, wliile the native ones require 
a much higher heat for vitrification. Some ball-clays as those of Florida 
re(|uirc washing before shipment to market. 

Chemical composition. — The following table gives the composition 
of several American ball-clays, as w-ell as that of an English ball-clay: 


Anvlyr?n of Ball-clays 



I. 

II. 

III. 

IV. 

V. 

Silica (SiOJ 

4(1 11 

15 57 

5t) 40 

45 97 

48 99 

Ahaiiina (Al/>,^ 

:V.) 55 

S7 

;30 00 

30 35 

32 11 

Ferji(! oxide (Ke.O,) 

;i5 

1 14 


1 OS 


F(‘rrous oxide (Fet)) 





2 34 

Lime (CaO) 


tr. 

40 

1 14 

43 

Maf^ncsia (MgO) 

1:1 

11 

tr. 

1 09 

.22 

Potash (K 2 O) 


It; 

.S 20 1 


/3.31 

Soda (xNa.O) 


00 

2 01 / 

J r‘l 

1 

^I'itanium oxidi' (hiO,) 

1 20 

1 :io 




Sulphur trioxido (SO 3 ) 

07 





Water (ll„()) 

i:^ 7<s\ 

11 1 A 

j 7 9:1 

i2 30 

’9!c3‘ 

Moisture 

/ 

i i JU 




Total 

101 19 

101 25 

100 00 

99 S3 

97 03 


I. Ivigar, R'l, V S. Gool Suiv, Prof Pat). 11. p. .SO. 

11. Woo.lbti.Utc, N J. N .1 Gel Su'V. Km Rept. VI, p. 443. 

Ill Mavlield, Ky. U. S Gool Surv , Piof. P.i[» 11, p. 39. 

IV. Regma, Mo, Mo Gi ol Surv, XI, p. 566, 1896. 

V. “Poole" cLay, Warehum, h’ng. 

Physical characters. — The physical properties of some of the well- 
known ball-clays used in this country are as follows: 

Edgar, Ela. — Very plastic; average tensile strength, 150 pounds 
per square inch; total shrinkage at cone 9, 15 per cent. 

Woodbridge, N. J. — Water required, 38 per cent; plasticity, fair; 
air-shrinkage, 3.4 per cent; average tensile strength, 33 pounds per 
square inch. At cone 10, firc-shrinkage 16.6 per cent and absorption 
0.22 per cent; fusion-point, eone 34, * 

Distribution. — The number of known localities in the United States 
at which ball-clays occur is srmdl, and arc shown in Figs. 36 and 55. They 
are obtained from the Tertiary (Florida, Kentucky, Tennessee) and 
Cretaceous (New Jersey) formations, and in residual deposits derived 
from Palaiozoic limestones (Missouri). 
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Fire-clays. 

The term fire-clay, properly speaking, refers to those clays capable 
of withstanding a high degree of heat, but it is unfortunately most 
loosely used l)y American clay-workers, and many plastic materials 
which have absolutely no claim to refractoriness are included under this 
head. It is to be greatly regretted that no standard of refractoriness 
has been adopted b}’’ ])roducers and consumers of refractory clays in 
the United States, nor for that matter in Europe, although the term is 
probably less abused there than it is here. In the author’s opinion no 
clay should be classed as a fire-clay unless its fusion point is higher than 
that of cone 27, and this agrees with the common usage of the German 
clay-workers. 

In many parts of the United States it is common to grade both fire- 
clays and frre-bricks as No. 1 and No. 2, a practice which should be dis- 
couraged unless the term has some standardized meaning, which it 
lacks at the present tinte. Even in the same district a No. 1 clay or 
brick of one manufacturer may bo no better than the No. 2 clay or 
brick ()f another manufacturer. It therefore seems reasonable to urge 
that unless the terms No. 1 and No. 2 refer to certain definite and ac- 
cepted standards, they should be dropped, as they only lead to con- 
fusion. 

One common misuse of the term fire-claij may also be referred to 
in this place. It is a prevalent custom in the United States to apjdy 
the term fire-clay to all .clays or shales found underlying coal-beds. 
While it is true that in several States, such as Pennsylvania, Ohio, West 
Virginia and Kcntiuiky, valuable fire-clays underlie the coals, still 
sometimes even in these States, and always in some others, as Michigan, 
clay or shale is found under the coal, which is not refractory by any 
means. There is at times nothing in the appearance of these under- 
clays to tell whether they are refractory or not. 

Aside from refractoriness, which is the mo.st important pro})erty of 
a fire-clay and the one possessed by all true ones, they vary widely, 
showing great difTcrcnccs in plasticity, density, shrinkage, tensile strength, 
and^ color. Since the resistance of a fire-clay to heat is governed pri- 
marily by its chemical composition and secondarily by its texture, it 
may be well to consider first the former property. 

Chemical composition — kdre-clays contain practically all the sub- 
stances usually determined by the ultimate analysis (p. 60), but in every 
good fire-clay the total ])ercentage of certain fluxing impurities, such as 
ferric oxide, lime, magnesia, and alkalies, is small. This is ncce.ssarily 
the case, since, if the fluxing impurities were present in large quan- 
tities, the clay would fuse at comparatively low temperatures and 
could not be classed as refractory. 
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Effect of silica. — It is f( unci, however, that clays running low in 
fluxes but high in silica may also show poor refractoriness. If we 
compare two fire-clays of low-flux contents, but high silica in one case 
and low silica in the other, it is found that, other things being equal, 
the high-silica clay is less refractory than the other. This indicyites 
that a high percentage of silica, as well as a high percentage of the 
fluxes mentioned above, diminishes the refractoriness of the clay. We 
might, therefore, term the iron oxide, lime, magnesia, and alkalies low- 
temperature fluxes and the silica a high-temperature flux. 

In any fire-clay some of the silica is coml)ined chemically with 
the alumina and water, forming a hydrous aluminum silicate which 
for convenience of discussion we assume is kaolinite,^ while the balance 
is probably there in the form of quartz.^ If kaolin itc alone is heated, 
its refractoriness is found to be high, for its fusion-point is the same 
as cone 3(3 of the Seger series, and the refractoriness of quartz or silica 
alone is nearly as high, but if these two minerals are mixed together 
in varying proportions, then the fusion-point of the mixtures will in 
every case be lower than that of either silica or kaolinite alone. 

^ This fact was pointed out some years ago by Segcir,® who made 
up a series of mixtures of alumina and silica, and kaolin and silica. In 
the former series of mixtures the quantity of alumina in each case was 
the same, but the amount of silica was increased. Starting with 1 part 
of alumina to 1 of silica by volume"* (91.5 of alumina to 8.5 of silica by 
weight), a mixture, the fusion-point of which was the same as that 
of cone 37, he found that the refractoriness decreased until a mixture 
of 1 part alumina to 17 ])arts of silica (10 alumina to 90 silica by weight) 
was n^ached. The fusing-point of this mixture was cone 29. A fur- 
thvj increase in the {iinount of silica caused the refractoriness to rise 
steadily. This shows that silica added to alumina in certain propor- 
tions acts as a flux at high temperatures. 

If now silica is mixed with kaolinite in the same manner, a similar 
lowering of the refractoriness of the body takes place down to a cer- 
tain point beyond which the fusion-point again rises. These experi- 

' It probably is in most fire-clays. 

^ There cannot l)e many silicate mi icrals, such as feldspar, mica, etc., in a fire- 
clay, otherwise the percentage of alkalie.s, magnesia, lime, and iron oxide would 
be higher than it usually is, .so that the balance of the silica must be quartz. 

* Seger, Gesammeltc Schriften, p. 434, 1896. Araer. Ceram. Soc., Translation, 
I, p. 515. 

* What is meant here is parts by volume which would not be the same as parts 
by weight, because the two .substances have different specific weight5, hence 1 alu- 
mina to 1 silica per volume would be 91.5 per cent alumina to 8.5 silica by weight 
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ments of Segcr are shown graphically in Fig. 33, in which the horizontal 
lines represent the different cone numbers from 26 to 3cS inclusive. The 
divisions on the lower line represent percentages of alumina measured 
above the line, 100 per cent being at the left end, and jiereentages of 
silica measured below the line, 100 per cent being at the right end. 
The solid curve represents the silica and alumina in a silica-alumina 
mixture, while the dotted curve re])resents the .silica and alumina in 
silica-kaolin mixture. An inspection of these curves shows quite 
clearly how an increase in the percentage of silica up to a certaiti point 
causes a dropping of the fusion-point, but that a further increase in 
the silica contents raises it again, although not quite as high as it 
originally was. 

It will be seen from a comparison of those two curves that the kao- 
linite-silica mixtures have lower refractoriness than the pure silica-alu- 
mina mixtures. This effect of silica has not always been understood 
by fire-brick manufacturers, many believing that sand added to t he refrac- 
toriness of a clay in burning. While this is indeed true in the case of 



37.— Diagram showing effects of silica on fusibility of kaolin. 
(\ftrr Rics, N. J. (h'ol. Surv., Fin. Rept. VI, p. 313, 1904.) 


brick-clays, it is to be remembered that common brick is burned at 
a much lower temperature than that at which alumina and silica 
flux together. 

Kecent tests made on a series of fire-clays from New Jersey^ agreed 
with Seger’s results in a general way but not exactly, the plotted fusion- 


^ N. J. Geol. Surv., Fin. Rept , VI, p. 314, 1904. 
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points forming a curve on which corresj)on(ling points were somewhat 
lower than those on Seger’s. 

In order to test his experiments a series of mixtures of a white- 
burning clay (having practically the composition of kaolinite) and 
finely ground quartz were made up and their fusion-points tested in 
the Devillo furnace. These results were plotted in a curve (Fig. 37), 
which in its general form agrees with that of Seger, but shows lower 
cones of fusion for corresponding mixtures. The results obtained with 
New Jersey clays seem to agree more closely with this curve than they 
did with Segcr’s. (Fig. 33.) 

Effect of titanium. -It will be noticed that the percentage of titanium 
oxide has been determined separately in several of the analyses (p. 212). 
and from the quantity present it is believed to exert some influence. As 
has been mentioned under Titanium (p. 104), the presence of 2 per cent 
of titanium seems to lower the refractoriness a whole cone number, while 
0.5 per cent lowered it half a cone when it was mixed with kaolin alone. 
Since titanium exerts an appreciable effect on the fusibility of a fire- 
clay, it should always be determined in the analysis. 

Physical properties . — As mentioned above, the term fire-clay does 
not signify the presence of any other charact(*r than refractoriness, and 
fire-clays may therefore vary widely in their plasticity, shrinkage, tex- 
ture, color, tensile strength, and other physical properties, all of which 
affect the behavior of the clay during the process of manufacture, but 
none of which can be used as a sure guide in determining its probable re- 
fractoriness. Color may be an aid under certain conditions, since pure 
white clays and light yellowish clays are often at least semi-refractory 
anfl sometimes highly refractory. Some fire-clays are tinged a deep 
yellow or yellowish red, as though they contained considerable iron 
oxide, and yet they have excellent heat-resisting power. If the clay is 
black or bluish black, there is no means of telling from mere inspection 
what its heat-resisting qualities are, for under these conditions both a 
clay with very little iron oxide and one with much might outwardly 
appear the same. 

Plasticity has little or no direct relation to refractoriness, alii.")ugh 
Seger has pointed out that of two clays of unequal refractoriness the 
one of lower fii’e-resisting (pialitics may withstand the action of molten 
materials better if it is of high plasticity, as this makes it burn to a dense 
body at a comparatively low temperature. The result of this is that 
the pores are closed and the clay resists the corrosive action of a fused 
mass better than the more refractory clay, which does not burn dense 
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at as low a temperature as the first one, and which, therefore, permits 
a molten mass to enter the pore-spaces between its "rains. 

Fire-clays are of variable tensile strength. Some of the highest 
grades show low tensile strength and often require a more plastic material 
to raise it, such an addition being sometimes necessarily done at a slight 
sacrifice of refractoriness. 

Texture is a property of some importance, for, other things being 
equal, the coarser grained of two clays is usually the more refractory. 
The question often arises whether, in making up cones for tesifing the 
refractoriness of a fire-clay or fire-brick it should be ground up fine or 
not. In the writer’s opinion, fine grinding will not clTect its I’efractori- 
ness, if there is uniformity of composition in both the fine and coarse 
parts. If, however, for example, the fine ])arts are highly aluminous 
and the coarse parts very silicious, then when the clay is heated, active 
fluxing between the clay and silica is prevented, and the clay fuses at a 
higher point than one might assume it would from the chemical analysis. 

As an illustration of this, we may take the case of .some New Jersey 
fire-brick, containing about 7fi% silica, which is present largely in 
the foi'rn of coarse quartz grains. These bricks when tested in the 
Deville furnace, fused at cone 3:b If ground up to pass easily through 
a lOO-mesh sieve, the refractorine.ss dropped to cone 27, because the 
alumina and silica were more intimately mixed and could flux more 
freely. 

Analyses of fire-clays— The analyses given on pp. 21 1-21 2 show the 
composition of a number of fire-clays from various localities in the 
United States, and for additional ones reference should be made to the 
State descriptions. 


Analyses of Fiue-olay.s 


Silica (SiOj) 

Alumina (Al/),) 

Ferric oxide (Fc/3.,). • 
Fcrroir -^^xidc (FcO). . 

Lim/(CaO) 

Magnesia (MgO) 

Potash (K,/J) 

Soda (Na/J). . ....... 

S ilphiir trioxide (SO3). 
Titanic acid (TiOJ. . . 

Water (U/)) 

Moisture 

Total 


I. 

11. 

III. 

IV. 

V. 

VI. 

71 LT) 

{\:i DO 

52 52 

59.92 

02 89 

,51 92 

17 ll.") 

2;i..'')7 

;u.84 

27.. 50 

21 49 

81 04 

1 1'.) 

40 

.67 

1.08 




1 .K7 



i.si 

1 18 

10 

.44 

.50 

tr. 

.88 

08 

tr. 

HD 

.19 

tr. 

.50 

.44 

.52 

( 2 401 

1 

..59 

.07 

2.52 

.10 

O.liU 

I'lO 

0 4.') 

i’oH 
11. 08 

9.70 

r.82 

7 58 

1 10 
18.49 





1.10 








9t) in 

iOO 47 

99.07 

98.88 

100 21 

100 21 



Analyses of Fike-clays — Continued 



VII. 

VIII. 

IX. 

X. 

XI. 

XII. 


.")! rx) 


r)9 80 

01 44 

78 on 

50 85 

Alumina (A1 ,().,) 

1:1 

87 47 

28 20 

20 18 

15.79 

88 64 

Ferric oxide (FeJ),,) 

.78 

tr. 

8.00 

.80 

.03 

.75 





.80 



Lime ((M)) 

tr. 

.112 

.05 

.12 

i 29 


Ma^ne.sui (MgO) 

tr. 

tr. 

.42 


1 . 58 

tr. 

Polash (K,0) 

tr. 

.281 


I ■ • 

.10 

.49 

Soda (NaX)) 

tr. 

.28) 


1 .02 

.10 

.09 




.85 




Titanic acid (TiO,,) 

1.91 


1 01 

1 89 

18 

.80 

Water (11, .0) \ 



|10 20 

9.07 

5.70 

11.75 

Moisture / 



1 2 74 

.77 


2.18 

'total 

99 88 

97 782 

10 1 08 

99 05 

08 09 

100 00 


XIII. 

XIV. 

XV. 

XVI. 

XVII. 

Silica (SiOj) 


40 28 

51 80 

44 10 

89 50 

78 20 



84 72 

29 44 

87.84 

48 . 85 

18 50 

Ferric oxide (Fe^Os) 


.84 

1 70 

1.28 

2,57 

.50 

Lime (CaO) 


.or> 


.25 

.50 

.29 

Magnesia (MgO) 


04 


tr. 

.50 

.52 

Potash (KoO'l 


tr. 


.58 

r 

' .80 



• . 1 

( 

.38 

Sulphur trioxide (SO3) 


tr. 

•• 

.81 



Titainc acid (TiO^) 


I.IT) 

82 

tr. 



Water {Il 2 ()) 


12 89 

8 81 

14 00 

i.TOo’ 

5.98 

Moisture 


10 72 

2 87 

2.82 



Total 


100 19 

97 97 

101.29 

99.08 

99.74 


T, nihbville, Ala Ala Cool Surv , liull fi. p 152, 1900 

II, Mt'i'ca I’aiko (’onnty, Itul. Iiid Dept Ceol and Nat , 29lh Ann. Kept., p 507,1906. 

III iMinoral Point, (' (Flint-olay) Mo Cool Surv , \I, p 591, 1H96. 

IV yalineville, (). (Flint-olay) Ohio Cool. Surv , VII, i» 221. 189;l 

V. Lower Kittannun: clay. New HiiKliton, Pa , 2il Pa Ccol Surv., MM, p. 262. 

VI Holivar flint fire-olay, Salin.a. Pa Ibid , )• 259 

VII Woodlnid«c. N .1 No 1 fire-day, N .1 Cool Surv , VI, p 441, 1904 
VIII Boone Furnaoe, Kv ('oal measures, IT Ceol '^urv., Prof, Pap. !!• p. 119« 

IX St Louis, Mo Mo Ceol Surv , XI p 571,1896 

X. Piedmont, W. Va Mount Savage clay, W. Va. Ceol Surv., IIL 

XI Athen.s, Tex, O. II Palm, analy.st 

XII Colden, Colo U S Ceol Surv , Mon XXVTI, p. 390. 

XIII Dry Braneli, Ca U S Cool Siiiw , Bull 315, p 303, 1907. 

XIV, ('oaLmeasures flay, Utioa, 111. 111. Ceol Surv., Bull. 4. 

XV White flay, Suboaiboniferous, 5 m s c Bonnievillo. Ky. Ky. Geol Surv., Bull. 6. 

XVI. " Alumimte,” Olive Hill, Ky , Carboniferous Trans. Amer. Ceram. Soc., IX,p. 461,1907. 
XVII White silieeous Tertiaiy clay, N Dak. 4th Bien. Kept., Dak. Geol. Sui-v. 

Occurrence and distribution. — Fire-clays may be of either residual 
or .sedimentary origin, and of the two the latter are by far the most 
important commercially. This class is further subdivisible into plastic 
fire-clays and flint-clays. The former are plastic when wet, the latter 
are hard and flint-like, with a smooth, shell-like fracture and dense 
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texture. They develop but little plasticity, even when ground fine, 
but are usually highly refractory. Flint-clays are found at a number 
of points in the Carboniferous of Pennsylvania, Ohio, Maryland, Ken- 
tucky, and West Virginia, where they occur often underlying coal- 
seahis and in the same bed with the plastic clay, the two showing no 
regularity of arrangement, and often dilTering but little if at :dl in 
chemical composition. They arc also knowm in the Cretaceous of 
Georgia, the Tertiary of Alabama, and the Cretaceous of Colorado. 
Their peculiar character has been a puzzling problem to geologists, 
but it seems probable that they may have been formed by a solution and 
reprecipitation of the clay by percolating water subsciiucnt to its forma- 
tion. A second type of flint-clay is that found occupying b:isins in 
Paheozoic limestones in Missouri (which see). Some flint-clays shovv 
a higher alumina content than is rc(iuired for kaoliiiite, and they arc 
thought to contain pholerite. Others may carry bauxite, and some 
of those of northeastern Kentucky carry alumina nodules. 

In many StaU'S ^ fire-clays are oftem found underlying coal-b(ds, and 
on this account it has been suggc'sted that tluar alkalies and of Ik i’ llu\inf>, 
impurities have been abstracted by the roots of jilants which grew in 
the swam[)s in which these clays wer(‘ deposited, whih* the di'cay of 
these plants later gave rise to the coal-be<l ovc'rlying the cla>'. This 
theory seems rather improbabh', as in some Stat(‘s, such as Michigan 
and Alabama, the clays and shales underlying the coals always contain 
sufficient impurities to render them non-refractory. JAirthermore, the 
extensive beds of refractory clay, found in the Teiiiary-Gn'tacK'ous 
formations of the Atlantic and Gulf coastal plains, are very rarely 
associated with coal-beds. 

We must, therefore, assume that these (‘lays were either derived from 
rocks running low in fusible impunti(*s, or else that tiiese wTre removed 
by solution during the transportation and deposition of the clay ])art,icl(\s. 

In the United States fire-clays are wdd(‘ly distributed, both giKilogically 
and geographically. The most important occurrence's arc in the Car- 
boniferj^iis of Ohio, Pennsylvania, Kentucky, Indiana, Illinois, Maryland, 
Wc.'it' Virginia, and Missouri. Many other deposits are, however, found in 
the Cretaceous of New Jersey, Maryland, Georgia, South (Mrolina, Ala- 
bama, Texas, low'a, Colorado, South Dakota, etc., and in the Tertiary 
of New Jersey, Georgia, South Carolina, Alabama, Texas, Arkansas, and 
California. 


‘ Ohio, Pennsylvania, Kentucky, Indiana, and West Virginia. 
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In Pennsylvania, Maryland, Alabama, and Nf)rth Carolina some pre- 
Devonian ones occur, hut they arc of limited extent. 

Uses.— The main use of fire-clays is for the manufacture of the various 
shapes of fire-brick, but in addition they are used wholly or in part 
in the manufacture of gas- and zinc-retorts, locomotive and furivxcc 
linings, crucibles, floor-tiles, terra-cotta, conduits, pressed and paving 
bricks, etc. 

Glass-pot days form a special grade used in the manufacture of glass 
pots an/1 blocks for glass-tank furnaces. These require a clay which 
is not only refractory but burns dense at a moderately low temperature, 
so that it will resist the fluxing action of the molten glass. 

It must possess good bonding power and burn without warping. 
Great care is necessary in the selection (T the clay and the manufacture 
of the pot.^ 

In testing a glass-pot clay physical tests are of more value than 
chemical analyses. Glass-pot clay is obtained from both Pennsyl- 
vania and Missouri, but much is still imported from the Gross-Almerudo 
district of Germany. 

Stoneware-clays 

Physical properties. — Stoneware is usually made from a refrac- 
tory or semi-refractory clay, but at some small potteries a much 
lower grade of material is used. While the material is often as 
refractory as a clay used for fire-brick, it diflers from it in burning 
to a very dense body at a comparatively low temperature. It should 
have sufficient plasticity and toughnc.ss to permit its being turned 
on a potter’s wheel. A size of grain of from 0.002 to 0.01 of an inch 
for the non-plastic grains in stoneware clays has proved to be most 
suitable. Coarse sand renders the clay so absorbent that it will not 
hold its shape in turning.^ 

A tensile strength of 125 lbs. per square inch or over is desirable, and 
the clay should also show low fire-shrinkage, good vitrifying qualities, 
and yet sufficient refractoriness to make the ware hold its shape in 
burning. Concretionary minerals, such as iron or lime, which are ihible 
to cause blisters, should be avoided. Most stoneware is now made from 
a mixture of clays, so as to produce a body of the proper (jualities, both 
before and after burning. 


' Ries, IT. S. Geol. Surv., Min. Rea., 1901. Separate sheets. 
* la. Geol. Surv., XIV, p. 233, 1904. 
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Chemical composition. — Orton^ s;ivcs the following avcviic:c of ton 
separate analyses of stoneware-clays in use in Ohio potteries: 


Clay base 

^andy matter . . ;i7 . ir> 

Fluxing matter [ 14 

Moisture 1 57 

101) il 

Total silica (>5 00 


A high silica content was formerly considered essential in order 
to produce a successful salt-glaze, but this feature is of little importance 
now as other kinds of glazes are almost exclusively used. 

The following analyses give the composition of stoneware clays from 
a number of different localities. 


AnALYSKS op StONKWAUP CI;AY.S 



I. 

II. 

III. 

IV. 

V. 

VI. 

Vll. 

VIII. 

Silica (SiO.,) 

07.10 

71.94 

07 . 84 

.57.20 

04.20 

08.8 

00 84 

09 28 

Alumina (Al/.),) 

19.87 

17.00 

21.88 

24.82 

22 95 

20 1 

20 55 

18 97 

Feme oxide (Fe^jOa). . 

2 88 

2.85 

1.57 

8 25 

1.28 

1 0 

8.58 

1 57 

Ferrous oxide (FeC)). , 




1 42 


Ir. 

.49 

55 

Lime (CaO) 

tr. 

02 

28 

.78 

45 

tr. 

88 

12 

Magnesia (MgO) 

725 

..50 

24 

.18 

87 

2 1 

1 12 

80 

Potash (K,0) 

072 

1 50 

2 24 

.98 

1 oe 

Ir. 

2 89 

2 27 

Soda (Na„()) 






0 

78 

88 

Titanic acid (TiOg). . . 






1 2 

92 

1 5 

Water (il^O) 

o' 08 

5*27 

5 9 

'8*25 

' 0*71 

0 0 

0 42 

5 40 

Moisture 

1 71 

1 01 

8 

2 10 

2 05 


2 :15 


Phosphorous acid (I’aOg) 







flT' 


Total 

98 587 

100 85 

100 70 

97 88 

100 Oli 

100 21, 

100 27 

100 ;i7 


I. Thirteen miles from Fayette C. 11., Fayette County, Ala Ala. (ieol. Surv., Hull. 0, p. 176, 
1900. 

II. Calhoun, Henry County, Mo. Mo. Geol. Surv , XI, p 564, 1896. 

III. Woodbruige, Sussex County, N. .1. N. .) Cl;iv HeF)!., 1878, p 99. 

IV. Linoolnton, N. C. N C. (Jeol Surv, Hull 1.3. i). 78. 1897. 

V. Akron, Summit County , O Ohio CodI Surv , Vll, i) 94, 189.3. 

VI. Elmendorf, Bexar County, Tex O II Halm, aiml . „ 

VII. Hi idir ;iort, Harrison (ounty, W Va W Va. Oeol Surv., Ill, n 162,1900. 

VIII. H^aiingburg, Ind. Ind. Dept ticol and Nut. lies , 29th Aim Uci.l , p. 508, 1904. 

Physical tests.— The following data will serve to illustrate the jFliysical 


characters of some stoneware clays: 

• Calhoun, Henry County, Mo. — A very plastic, biilT-burning clay rc*- 
quiring 16.5 per cent water; average tensile strength, 150 lbs. per s(]. 


‘Ohio Gcol. fc5iirv., Vll, p 1893. 
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in.; air-shrinkii^c, 5.5 per cent; fire-shrinkage, 2.2 per cent; incipient 
fusion, 2100° F.; vitrification, 2300° F.; viscosity, 2500° F.i 

Northport, Long Island, N. Y. — A yellow sandy clay requiring 25 
per cent water, and having fair plasticity; average tensile strength, 25 
pounds per square inch; air-shrinkage, 5.5 per cent.; fire-shrinka^, 6.5 
per cent; nearly vitrified at 2300° F; viscous at cone 27. This is mixed 
with a more plastic clay for use.^ 

South Amboy, N. ,1. — No. 2 stoneware clay. Water required, 37 
per (Kjnt; average tensile sf-rength, 100 lbs. per .sq. in.; air-shrinkage, 
7 per cent; fire-shrinkage at cone 10, 9 per cent and absorption .24 per 
cent; viscous at cone 30.^ 

Athens, Henderson County, Tex. — Water required, 26.4 per cent; 
average tensile strength, 143 lbs. per sq. in.; air-shrinkage, 6.9 per cent. 
At cone 9, fire-shrinkage, 6 per cent; color, buff; absorption, 7.45 per 
cent: viscous at cone 30.^ 

It will be noticed that no examples arc given from Ohio or Indiana, 
both important producers of stoneware clays, the reason for this being 
that no tests have been published. 

Stoneware ciays are used not only for the manufa(*ture ol all grades 
of stoneware, but also for yellow ware, art ware, earthenware, and more 
recently even for terra-cotta. 

Terra-cotta Clays 

Terra-cotta is made from many different kinds of clay, but most 
manufacturers of this material are now using semi-fire clays, or a mixture 
of these with a more impure clay or shale, since these give the best 
results at the temperatures (cone 6-S) usually attained in their kilns. 
Some are used because of their dense-burning character and bonding 
power, others because of a low shrinkage and freedom from war[)ing, 
while absence of soluble salts is an important as well as desirable property 
in all. 

Buff-burning clays are commonly cho.scn, partly because they burn 
to a hard body at the desired temperature, and there is little* danger of 
overburning. The color of the body is of no great importance, since 
the final color is applied superficially. Very finv terra-cotta manu- 
facturers at the present day employ a low-grade clay. 

The soluble salts are undesirable, becau.se in drying they may cofne 

* Mo, Oeol. Surv., XI, p. 575, 1896. 

’ N. Y. State Museum, Bull. 35, p. 821, 1900. 

® N. J. Geol. Surv., Fin. Kept., VI, p. 459, 1904. 

* Unpublished notes. 
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out through the color-slip, but they can bo rendered insoluble, if necessary, 
by treating the clay with barium chloride or carbonate. 

To give a tabulated statement of the properties of clays used for 
terra-cotta manufacture would involve listing a very large number. 
It may be of interest, however, to give the properties of a terra-cotta 
mixture used at a large Eastern factory, the tests being made on a soft 
green body, as tempered at the works. Its physical properties were 
as follows: ^ 

Air-shrinkage, U per cent; tensile strength, 97.5 lbs. per sq. in.* Its 
behavior in burning was as follows; 


<11- Conef). Cone 10. 

Firc-shrinkagc 1 4 5% 

Hardness not steid-liard nearly stec'l-liard 

Absorption very al)sorl)ent sliglitly absorlxait nearly impervious 

(’olor pale buff giay bulT gray bull 


In making terra-cotta the clay is not carried to the temperature 
lest given, as there would be danger of its warping, but it is usually 
fired between cones 0 and S, at whic.h point this danger is greatly, if 
not entirely, diminished. 

The tabic on ])age 219 giving the jihysical character of some of the 
New Jersey clays used for t('rra-cotta manufacture shows what a variety 
of materials are employed. - 

days suitable for terra-cotta manufacture are widely distributed, 
but those mostly used in this country are the (’retaceous clays of New 
Jersey and the Carboniferous clays of Pennsylvania, Indiana, and 
Missouri. 

Sewer-pipe Clays 

Since sewa^r-pipes have to be vitrilied in burning, they require a clay 
high in fluxes, and the clays employtal are similar to those needed for 
paving-brick manufacture, so that the two products are sometimes 
made at the same faidory from the same clay. Ordinarily, some fire- 
clay is mhxed in with the vitrifiable material, to hold its shape better 
in bur]rtrng. A high iron percentage is said to aid the formatiim of the 
salt-glaze with which the pipes are covenxl, but a high percentage of 
soluble salts is objectionable. 

•The following are analyses of sewer-pipe clays from various loca'ities: 

*N. J Geol Surv., Final Kept , VI, p. 270, 1904. 

Ubid 
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Analyses of Sewer-pipe Clays 



I. 

II. 

III. 

IV. 

V. 

Silica (SiOJ 

57 10 

55.60 

63 00 

59 96 

57 52 

Alumina (AlgOg) 

21.29 

24.34 

23 57 

15 76 

^1.76 

Feme oxide (Fe,(),) 

7.31 

6.11 

1.87 

7.72 

3 41 

Ferrous oxide (I'eO) 



.46 


3 70 

Lime (CaO) 

.29 

.43 

.44 

.60 

.60 

Magnesia (MgO) 

1 53 

.77 

.89 

.93 

.88 

Pota.sh (K,,()) 

3 44 

3.00 

2.40 

3 66 

3 57 

Soda iNaX)) 

.61 

.09 

.29 


.03 

Titanium oxide (TiOj) 



1.10 


.83 

Water (H,0) 

6 00 

’o!75 

6.45 

7^70 

7.27 

Moisture 

Sulphur trioxidc (SO,) 

Phosphorus pentoxidc (P.^.Oj) 

1 30 

2.65 


!73 

.86 




.14 

Total 

1 

98 87 

99.74 

TOO .47 

97 06 

100 57 


I Hhalo, Canton. (') Ohio (!po1 Siirv , VII, p 1.1.3, 180.1. 

II. Shale and fire-clay mixture. Ibid 

HI, Underclay. Mecca, Pinker County, Ind. Ind. Dept C.eol and Nat. Pe^., 20th Ann. Ilept., 
p 114, 1004, 

IV. Lacle<le mine, St. Lmih, Mo Mo C.eol Siirv . XI, p .570.1800 



Table showing Physical Characteristics op some New Jersey Terra- 
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The sewer -pipe clays in the Eastern and Central States are obtained 
chiefly from the Carboniferous formations, and to a small extent from 
the Devonian ones. The Cretaceous and Tertiary beds of the coastal 
plain States are not as a rule adapted to sewer-pipe manufacture, but 
in the Rocky Mountain rejijion and Black Hills area some of the Creta- 
ceous shales have good vitrifying (qualities. Pleistocene clays are used 
only to mix in with the other materials. 

Brick-clays 

Common brick.-— The clays or shales used for common brick are 
usually of a low grade, and in most cases red-burning. The main requis- 
ites are that they shall mold easily and burn hard at as low a temperature 
as possible, with a minimum loss from cracking and warping. Since 
many common clays or shales when used alone show a higher air- and 
fire-shrinkage than is desirable, it is customary to decrease this by mixing 
some sand with the clay or by mixing n loamy or sandy clay with a more 
plastic one. 

Common-brick clays vary widely in their composition, but most of 
them contain a rather high percentage of fluxing impurities. 

While the chemical composition is of importance in affecting the 
color-burning qualities and fusibility of the mass, the physical characters 
are even more important, since they affect not only the color in burning^ 
but often exert an influence on the process of molding to be chosen. 

The following analyses will serve to represent their range in com- 
position: 

Analysks of Buick-ccays 



I.* 

11. 

III. 

IV. 

V. 

VI. 

n 

VII. 

VIII. 

IX. 

Silica (SiO,). . . 

0() 07 

71.50 

42 28 

08.02 

52 30 

56.50 

88.71 

18.02 

50 81 

Alumina (AbOa)., 
Ferric oxide 

18 27 

13.80 

8.26 

14 92 

18 85 

19 31 

4 88 

3.23 

20 62 

(Fe/)3: 1 

3 11 

4.78 

3. 8-1 

4.10 

6.55 

5.89 

2.00 

1.2C 

6 13 

Lime (CaO). . 

1 18 

.,50 

13 05 

1.48 

3.3G 

1 oca 

.30 

41 3(> 

.05 

Magnesia (MgO). 

1.09 

.11 

6.01 

1.09 

4.49 

1.86« 

.97 

.42 

.68 

Potash (KjO). . 
Soda (Na,6). . . . 
Titanic acid 

2.92 

2.29 

2.51 

1.50 

4.65 

5.98 

tr. 


4.47 

1.30 

.81 

.49 

1.80 

1.35 

tr. 



V 


rriO 1 

.85 

1.4'1 

.05 




.90 

tr. 


V ^ *^2/ 

Water (HjO)... 

4.03 

4.61 

1 





Carbon dioxide 



122.07 

3.55 

5.30 

9.476 

2.28 

2.42 

8.60 

fm 'I 



] 


3.04 



32.50 




Manganese 

dioxidetMnOj) 




.64 









2.78 





1.64 










Total 

99.42 

99 96 

98 .50 

100 G0| 

99 89 

100 00 

100 04 

99.75 

99 50 


a. Determined as carbonate, h. Inclu«ie‘< organic matter. 
• For references see foot of table, page 221. 
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I’HYSK’M, PUOPKKTIKS OF SOMK OF TIIK PinCEniVO 



I. 

n. 

III. 

\ 1. 

VII. 

Per cent water leiiuin'd. ... 

Pla.slicity 

Air-shriiikap;o 

Av(Tag(; tc'iisile .stnaifi:! h, ll>s. jx'r S(\. in 

( lood 

0 

lO.S 

20 0 
(iood 

0 1 

SO 0 

11 ) s 
High 
(i 5 

am 

a2 

Cood 

0 

105 

20.1) 

bow 

0 0 

1 17 

{’olU^ 

010 

Fire-.slii inkai^e 

Al^sorption 


0 

17 40 

1 

•>:l 

'0-1 M 
CO 


Cone 

Fir(;-.sh linkage 

1 a 

1 0 

f'hglil ly 
.sw(‘ll(‘d 

c 

0 

Of) 

Alnsorption. ... 

7 S.S 

15 OS 

5^7 

11 77 

('one 

Firc'-shrinkage 

A1 )m)i pi ion. . . 

s 0 

1 

5 

7 1 

1(1 :i.-i 

c 

0 

m 27 

Color when burned 

H(‘d 

Fell 

( 'leani 

Ued 

Red 


I Ploi'.t* cprip (‘lav, iadli* Foov, N .1 N' J (;('nl Siii\ , \ I. 22(». 19(1 1 
TI IMoi-tdciMip dav, h’lclitnond, \a V.i CimiI .Sur\ , Hull II. |i HK)(> 

Ilf dilcaif'ou^ HhM'locpm* d ly, Whilf'ualci , W o Wi'. (Icol aiul Nat I ii''! . Sui \ Hull , IIKK). 
IV Lck’ss, ( iutnrK' (V iiI le, la I:i (Jpul ,'<uiv, \IV, p .'ill, 1<)()I 
V Salma shale', Wamui-’, N V N N’ St.itp Mu" , Hull .i'l. p .SIIO, HKM) 

VI (’athorufoiuus '.hale, ( !rau(I HapiiH, Midi Mich (Icol Sui v , \’l 1 1, I't I, ii. 41, l.MDf,. 

VII. PhiistiicoMO hnck-loam, 'IVxaikaria, "IV'X O 11, H.ilni, .iii.il. 

VIII. Sp^uiu, (iivulalupp (’ouiity, 'Fox <) II Hilm, an.il 
1 Kc'idual day, Cimpiishoiu, N. N ('. cicul ,Sui\., Hull l.I, p. Ill, lS<)7. 

Some pretty poor cliiys are at tiou's uscal for coininoii-brirk niami- 
factiiro, hut this is duo to tlio fact that conniioii hriok will not always 
])oar the cost of transjiortation, and it is soinotina's lu'co.ssarv to use 
th(; host material that can lie obtained locally, oviai though it he not 
thorou,t»:hly satisfactory, 

('oniuion-hri(‘k clays arc widely distributed, both geolo,<i;ically and 
p:eo^rap]iically. 

Two varieties of brick-clay, of common oceurronce west of tlu' Missis- 
sippi Kiver, may be mention(‘<l here. 

Adobe. — Idiis is a calcareous silty clay, common throughout. th(‘ 
Southwa^sterii States and much u.sed for makinir sun-dri(‘d or adobe brick. 

Analy.ses of some adobe soils, showing their calcareous character, 
ar(‘ ^iven on i>a^(‘ 222. 

Loess. — This name has been ajijilii'd to e.xtensive Ph'istocene dc'posits, 
which are not unlike adobe, but re.aardin.ii; whose (ui,ain there has beiai 
much dispute, some claimin<>; them to be of subacpieous ori”;in, while 
^others consider tliem to lie a^olian formations. Hie loess is a very 
common deposit tlirouii:hout the iMissi.ssippi Valley, and much used for 
brickmakin^„ Analyses by IbissidP are given in the second table on 

pag(' 222. 

‘jsn and :i 12, 18S9. 
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Anm.^sfs «)I’ Adouk Sons 


Silk-a (SiO .). . . 

Alumina (Al.O,). 

Forriu oxuln (le.Oj). , 
latm; (('aO). . 

MaKiu'sia (Mj^O). . 

Potash (K,()j 
Soda (Na.O). . . . ^ 

'l itanuun oxido (Ti( ) j . , 
Wal('r*(ll d) ). 

Carhon dioxido (('(h) . 
Phosphorus pcmtoxKU' (I'.Or,) . . 
Sulphur (rioxidn (SO,). . 
Chloiino ((’1). . 

Oif^auic mat(('r. . 

Total. . . 


f. T.:iio.li), '1V\ () It 

II. Sllf l.,lk(‘ I ^•tll 1, <; I Ikins, ;||l 

111. SiUll.i I'l', N llatl , 1) aiiS. 


1. 

IL 

HI. 

AS 11) 

11) 24 

00 09 

11 1!) 

d 2t) 

14 10 

2 77 

1 09 

1 'dS 

12 Hi 

dS.Dl 

2 19 

St) 

2 75 

1 2S 

tr. 

tr. 

1 21 

IS 

tr. 

07 

1 t).") 



2 nt) 

1.07 

1 si'” 

s nt) 

29 57 

.77 


.25 

, .29 


.55 

i tl 


.11 

51 


2 90 

2 no 

1)1 i ;n 

lot) 55 

! 99 55 


l . S. Crul SuiN , Hull. 22S, p. ;u.7, IlKU. 


.\\ M.-iSI'X 


Silica (Sit ).)... 

Alumina (AI ,(),). 

Ferric o\i(l(‘ (F<' ,( >,) . 
iM'irous oxi(l(“ (I'VO). 
himo (F.aO). . 

Magnesia (MgO). . 

Potash (K.t)) . 

So(la (Na/)) . 

'I'ltanic o\id(' (Tit ) .) . 
J’liosphonis ])(Mifo\i(le (P.O,) 
MaiigaiK'M* oxide (Mnt)) . 
Carhon dioxide* (Ct) .) . 
Sulphur I rioxidc (St ) . 
Carhon (tJ) . . 

Water (iPt)} 

^rolal. .. 


(I Coiilaiii-' H ul (iiKamc 


K horss 


" 



— 

I 

11 

111. 

IV. 

72 OS 

01 01 

71 10 

00 09 

12 05 

10 01 

12 20 

7 95 

.> .‘>5 

2 01 

5 25 

2 01 

9() 

51 

12 

07 

1 59 

5 11 

1 (i9 

S 90 

1 II 

5 09 

1 12 

1 50 

2 15 

2 Ot) 

1 s.; 

1 OS 

1 OS 

1 :i5 

1 hi 

1 17 

7‘) 

10 

.11 

52 

2.) 

00 

.09 

15 

00 

.t)5 

02 

12 

59 

0 51 

.49 

9 05 

51 

1 1 

('0 

12 

09 

15 

12 

19 

2 .5n« 

2 ().> 

2 70" 

1 1 1'* 

100 21 

99 99 

99 7S 1 

99 51 


il l(‘i (ItiofI .it 100'’ ( '. 


Pressed brick. — Pn'ssod brick call for a liiji;li('r oradc of clay. The 
kinds now in use fall mostly into one of tlinayeronps, namely, 1 , n'd-biirn- 
ing: clays; 2. white-bnrnnig; clays; d, Iniff-lnirnin”; clays, iisnally s(*mi- 
ref factory. The composition of a sample of tlu'si' tliri'e types is g:iv(‘n 
in the table at top of pa,u(‘ 22d. 

The physical reriuirements of a pressed-brick ckiy are (1) uniformity 
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ANALYSJ-S (,F rHKWSKD-BitlCK Cl..YS 


Silica (SiOj) 

Alunnivi (AljOJ. . . 
Ferric oxide (Fe^J. . . 

Lime (CaO) 

Magnesia (MgO) 

Potash (KjO) 

Soda (Na/3) 

'ritaiiKim oxide (TiOj). . . 

Water (HoO) 

Moisture 

S il,)lnir trioxide (SO.O. . 


I. 

II. 

III. 

()S 28 

08 11 

05 78 

l.S 88 

28. .80 

14 79 

2 (jO 

2 28 

8 08 

70 

78 

54 

18 

97 

1 42 

2 29 

/ .98 

2.82 

1 49 

97 

27 


1.00 

0 h 

7 81 

^ 98 

'/() 

24 



I A pl'iv ustvl for white l)nck, (iiovfi, N ('. N (' (Jeol Siii\ , lJull lit, p 81 , lSt) 7 . 

11. IIock’inK Valiev, <>, <‘lav 1- ^ lianiiigor, anal Siipiilieil l»v A V HleinniKor 
TIl! Shale fiom ('avnga, Vennillion (’oiinty, liul. Jnd Dept. (Icol jukI Nat. Ke.s., 2Uth Ann. 
Jtept., p. 508, 1901. 


of color in Imrning, (2) freedom from warping or splitting, (3) absence 
of .soluble salts, and (4) sulficient luirdnc.ss and low absorption when 
burned at a moderate temperature. The air-shritdvage and fire-shrinkage, 
as well as tensile strcngtli, vary within the .same limits a.s common bricks. 

Iled-burning clays were formerly much used, but in recent years 
other colors have found greater favor, and the demand for the former 
ha.s greatly fallen off. ButT-burning, semi-refractory or refractory 
clays are, therefore, much employed now, partly on account of their 
color and partly because coloring material can be effectively added to 
them, for since the range of natural colors that (‘an be produced in burning 
is liniit(^d, artificial coloring agents are sometimes used. Manganese is 
the one most (mijiloyc^d. 

The clays must nece.s.sarily luirn hard at a imxlerate temperature, 
and in the case of nxl-burning clays the temperature reached may range 


PiiYsrrAL PaoPEirriKs of Some New Jeh.sey (Tays Used fou Fkont Biuck.* 


li’orniation. 

Water 
required, 
per cent 

Air- 1 
shnnkaRe,! 
j)er cent. 

AveruKe 

leii'.ile 

slieiiRt h, 

Jh.« pel 

hq III. 

Raritan 

82 00 

5 0 

05 

Cohansey 

28 17 

7 5 

282 

Cohansey 

87 .50 

5 5 

190 


0>nc 
of firiiiR. 


Colic 1 
C\)nc a 
[Cone 8 
Cone 1 
Cone 
I Cone 8 
Cone 8 


Virc- 

f'hrink- 

age, 

Ijereent 

Absorption, 
jier cent. 

Color. 

5 0 

11 os] 


Buff 

0 6 

11 34 J 

1 


2 8 

8 09' 

1 


4 5 

3 08 


Buff 

6 5 

0 84 



9 1 

4 01 


Buff 


‘ N. J. Gcol. Surv., Fin. Kept., VI, p. 222, 1904. 
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from the fusing-point of cone 06 to 2, while for buff-burning clays it is 
commonly necessary to go to cone 7 or 8 to get a steel-hard brick, unless 
calcareous materials are employed, and these arc not burned above 
cone 3, or even cone 1. 

In the table at bottom of page 223 arc given the physical characters 
of some New Jersey pressed-brick clays. The properties of a shale quar- 
ried at North RlulT, Kansas City, Mo.,^ arc: water required, 22.3; plas- 
ticity, high; air-slirinkagc, 6.9 per cent; fire-shrinkage, 4.8 per cent; 
average tensile strength, 198 lbs. per sq. in.; incipient fusion, 1600° F.; 
vitrification, 1750° F.; viscosity, 1900° F.; color when burned, red. 

Flashing.^- Many bricks used for fronts are often darkened on the 
edges by special treatment in firing, caused chiefly by setting them 
so that the surfaces to be flashed are exposed to reducing conditions, 
either at the end of the firing or during the entire period of burning. 
This color is superficial and may range from a light gold to a rich, reddish 
brown. The principle of the operation depends on the formation of 
ferrous silicate and ferrous oxide and their subsequent partial oxidation 
to the red or ferric form. This oxidation probably takes })lace during 
cooling, for if the kiln be closed so as to shut off the supply of oxygen, 
the bricks are found to be a light grayish tint. 

The degree of flashing is affected (1) by the composition and physical 
condition of the clay, (2) the temperature of burning, (3) the degree of 
reduction, and (4) the rate of cooling and the amount of air then admitted 
to the kiln. 

1. The percentage of iron oxide should not be large enough to make 
the brick burn red, but to produce buff coloration, and the clay should 
have sufficient fluxes to reduce the point of vitrification to within reason- 
able limits, thus facilitating the flashing. Clays higb in silica are appar- 
ently better adapted to flashing than those low in silica and high in 
alumina. The condition in which the iron is present in the clay probably 
exerts some influence, that is, whether it is there as ferric oxide, ferrous 
silicate, concretionary iron, ferrous sulphide, or perhaps ferrous carbonate. 
Bleiningcr’s experiments showed that of three clays which were used 
for flashing, all contained considerable quantities of iron soluble in acid. 
Some Eastern manufacturers arc obliged to add magnetite ores to their 
clays, which arc low in combined iron, and No. 2 fire-clays, which contain 
more iron than the finer grades, seem to give the best results. A.^ to 
the effect of the physical condition of the clay, finer grinding seems to 
give more uniform flashing effects, and the reason that stiff-mud bricks 


‘Mo. (ieol. Siirv., XI, 

’ A. V. Bleiningcr, Notes on Flashing. Trans. Aincr. Ceramic Soc., 11, p. 74. 
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flash better than dry-press ones is claimed by some to be due to vitrifica- 
tion taking place more easily m the former. 

The following analysis gives the composition of a No. 2 fire-clay from 
Ohio used for flashed brick: 

• Analysis of an Ohio No. 2 FiuK-ri AY 


Silica (SiO,). . (37 14 

Alimiina (Al/),) 19 74 

Ferric oxide (I'cX),,) 2 4(3 

Lime (('aO). ... 0 53 

Magnesia (MfrO). .. . 0.71* 

Potash (KJ)) 2.^0 

Soda (Na,()). . 0 43 

Water (11,0) 7 01 


Total 100 S2 


In one case the green clay showed a tottil of 2.15 per cent of ferric 
oxide, of which O.SS per cent was solulile m acid. The flashed surface 
of a brltik made from this clay gave, on analysis, a total of 2.31 per cent 
of ferric oxide, of wliich 0.14 per cent was soluble in nitro-hydrochloric 
acid, thus indicating that during the burning most of the iron oxide had 
combined with silica, forming a ferrous silicate. 

2. The tenijicrature reached must be suflicient to cause a combination 
of the iron and silica, and, therefore, it varies with different clays, the 
combination being aided by the jin'sence of fluxes. 

If the kiln atmosphere is oxidizing during rmarly the entire burning, 
with only a small jieriod of reduction at the end, the temperature reached 
must be comparatively high in order to insure union of the iron and 
silica by fusion. If, however, a reducing fire is maintained during most 
of the burning, tlien the temperature; need not bt; as high, because the 
clay will vitrify sooner. (See Fusibility, ('hapter 111.) 

At one factory it had formerly bivii the practice to burn with an 
oxidizing. fire to a higli temperature, namely, from cone 11-12, and then 
to cause reducing conditions to take place in tjie kiln during the last 
five or six hours of the burn. This practice, however, was changed, 
it being found that by maintaining a reducing fire during the entire 
period following water smoking a lower temj)eraturc was sufficient. 

3. The oxidation which causes the flashing imibably takes place in 
the first twelve hours after closing the kiln, and can be regulated by a 
juniper handling of the dampers. 

In the experiments of Ifleininger, already rcferretl to, it was found 
that a reduction of air, eciual to 20 per cent Ixdow that required for 
ideal oxidation and considered as lt)0, is usually suflicient to produce 
flashing. 
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By this is meant that 'MOO per cent of air represents theoretically 
ideal conditions, in winch just enouj^h air is present to consume all the 
combustible gases forming C'Oo; less than 100 per cent of air corresponds 
to reducing conditions. For instance, if an analysis on calculation 
re[)rescnts 90 per cent of air, it tells us that the gases are reducing to the 
extent of 10 per cent of air; similarly, 110 per cent shows an excess of 
air to the amount of 10 per cent.” 

While 100 per cent represents theoretically the amount of air recpiired 
for perfect combustion, still in actual ])ractice with coal-fuel the mixture 
of gases is not perfect, and it may be necessary to have more than 100 
per cent of air present to bring about thorough oxidation. 

4. As regards the rate of cooling, it was found that the longer the 
period of cooling from the maximum temperature down to approximately 
70tF C. the darker the Hash under given conditions. 

Enameled brick. — The clays used for these arc similar to those em- 
ployed in the manufacture of buff pressed brick. The enamel is, of 
course, an artificial mixture, but must conform to the clay body to 
avoid cracking or scaling off of the coat. 


Paving-brick Clays 

A considerable variety of materials is used for paving-brick manu- 
facture, ranging from common surfac(‘-cla>s to semi-refractory ones, 
but those most fre(piently employed arc impure shales, these being 
often found to give the desired vitrilied body at not too high a tempera- 
ture. Shales of this charaeder have a wide geographical and geological 
distribution, but those most extensively worked are in the Carboniferous 
of Ohio, Fcrmsylvania, Indiana, and Illinois. In New York and Mary- 
land Devonian shales have yielded excellent results, and in the Western 
States, such as Colorado, the Cretaceous shales are of importance in this 


connection. 

Wheeler ^ gives the following range of composition of paving-brick 


clays: 

RaNOK ok CoMl’OSITIOiV 


Silica (SiO.) 

Alumina (Al,(),)- 
Ferric oxide (Fe,Oj). 

Lime (CaO) 

Magnesia (.MgO). . . 

Alkalies (Na^OjK/)). 
Ignition, loss 


OF rAviN<j-niucK Clays 


Mini- 

mum. 

Maxi- 

mum. 

Average. 

40 00 

75 00 

.50 

00 

11 00 

25 00 

22 

50 

2.00 

9 00 

0 

70 

.20 

2 .50 

1 

.20 

10 

00 

1 

40 

1 00 

5 50 

.3 

70 

00 

1:3 00 

7 

00 


‘ Mo. (Jeol. Surv., XI, p. l.'iG, ISUO. 
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Williams^ gives the following limits between which the different 
ingredients of Iowa paving-hrick clays range: 

Rangc of Composition ( F Tow\ Pavinc-ukiok Clx'is 

Mumiiiuim, Miniiniini, 
per ooiit. per ct'iU. 


Silica (SiO,) 71 5.S 7)8 50 

Aliiiniiia (ALO,) 22 :VA S.28 

Ferric oxide (FcjO^) /» 75 2 88 

Lime (CaO) d 42 1 54 

Magnesia 3 47 1.22 

rota.sh (K4)) 1 15 2‘> 

Soda (Na/)) 1 79 1 08 

Water (11*0) 5 33 107 

Carbon dioxide (CH)>) 2 23 1 73 

Sulphur (rioxido (SOj) 1 85 1 28 

Moisture 1 13 28 


The analyses show a rather high juTcentage of total fluxes. 

Clays for jiaving brick should possess fair plastk'ity, since they are 
conimonjy molded by the stifl'-mud process; they should have good 
tensile strength, and a range of not less than 250° F. between the jioints 
of incipient vitrification and viscosity. 

Fireproofing and Hollow-brick Clays 

The clay used for making hollow bricks and fircitroofing vary with 
the locality. At not a few yards where red bricks are manufactured 
the red-burning surface-clays of rieistocene age are employed. In 
New Jersey, where many thousand tons are annually produced to su})|)ly 
the New York and other large I'iastern markets, a mixture of red-burning 
sandy clay and a small amount of low-grade fire-clay are chosen, while 
in the States of the Eastern and (Vntral coal-measure areas, as in Pennsyl- 
vania, Ohio, Indiana, and Illinois, ('arboniferous shales arc widely used. 

It is therefore difficult to lay down any fixed .set of requirements for 
the raw materials of this cla.ss. This much can be .said: They should 
have sufficient plasticity to flow smoothly through the peculiar shape 
of die u.sed in making them; they should also pos.se.s.s fair tensile strength; 
burn to a good hard but not vitrified body at a comparatively low cone. 
Concretionary masses, if present, should be either removed or crushed. 

The following analy.ses show well the composition of clays or si tales 
used for this kind of ware: 


la. (Icol. S..rv.. XIV, p. 220, 1004. 
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Analyses of Clays TIsed for Hollow Brick and Fireproofing 



I. 

11. 

HI. 

Silica (SiO^) 

52 22 

57.57 

51.95 

Alumina (AbOj) 

29 45 

21 70 

18.34 

Ferric oxide (f'e„().d 

2 78 

2 2G 

7.56 

Ferrous oxide (FcO) 


4.11 


Lime (CaO) 

.88 

.32 

4.14 

Magnesia (MgO) 

.72 

1.12 

3.30 

Potash (KjO) 

2.10 

2.10 

1.43 

Soda (Na„0) 

.75 

33 

2 09 

Titaniufn oxide (TiO.,). ... . . 

Water (11., 0) ‘ 1 

11. :o 

1.10 
/ 6 78 

7 39 

Moisture. ... j 

1 .. .. 

.42 

Carbon dioxide (('().,,). . ... .... 


1.73 


Sulphur trioxide (S( >3). . .. 



2 70 ' 


I. National FirejtroofinK (V) , Ke!i^l»ey, N. . I. N. J. (lool Siirv., Final He|)nr(., VI, p 2S2, 1{K)4. 

II. Underclay Inineath (’oal II, (’annolton, In<l Ind. Dept, (leol and Nat. , 2Dlh Ann. 

Kept , p. 338, lf)04 

III, Ileprosentative shale-clay from Iowa. la. (!eol Suiv , .XIV, p 232, 1004. 

The physical tests of fireproofing clays .shown on jia^e 229 are given 
in the New Jersey Oeological Survey report.^ 

The tabulation is not w'itliout interest, and shows a considerable 
variation in certain directions. The air-shrinkage shows little variation, 
but the tensile strength shows a great range. Of thc.se different sainjiles, 
Nos. I, 2, and G are practically from the same bed. No. 5 is from the 
base of the Raritan series, and is one of the most dense-burning clays to 
be found in that section or even New Jersey. Most of these clays have 
to be burned to cone 01 before becoming steel-hard, the one exception 
being No. 5, which burns very hard at cone 05. They all burn red. 
The pyrite and limonite nodules are abundant in some of the layers, and 
in burning often fuse, swell, and spall off pieces of the wfirc. 


Slip-clays 

A slip-clay is one containing such a high percentage of fluxing im- 
purities, and of such texture that at a low cone it melts to a greenish or 
brown glass, thus forming a natural glaze. It must be fine grained, 
free from lumps or concretions, show a low air-shrinkage, and mature 
in burning at as little above cone 5 as possible. 

While easily fusible clays are not uncommon, all do not melt to a good 
glaze. 

“A good slip-clay makes a glaze which is free from defects common 
to artificial glazes. It will fit a wide range of clays, and since it is a 


* N. J. (Icol. Surv., Final Rept., VI, p. 2S0, HOI. 
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natural clay it will undergo the same changes in burning r.s the body 
on which it is placed. Artificial mixtures of exactly similar composition 
to the natural clays have failed to give the excellent results as to gloss 
or color that are attained by the natural clay.’' ^ 

While several fair slip-clays have been found in different parts Of the 
country, none have given thorough satisfaction except the Albany, 
N. Y., material, which is shipped to all parts of the United States for 
potters’ use. 

Int applying the glaze to the ware the clay is mixed with water to a 
creamy consistency and applied to the ware either by dipping or spraying. 
Attempts have sometimes been made to lower the fusing-point of the 
slip by the addition of fluxing oxides. 

The following are analyses of slip-clays: 


Awlvsks of Slip-clays 



I. 

11. 

III. 

IV. 

V. 


f)!) GO 

43.94 

03 . 03 

38 08 

57 01 

Alumina (ALOg) 

14 80 

11.1/ 

13 57 

11 30 

11 85 

Ferric oxide (P^egO,) 

5 SO 

3 81 1 

/ . / / 

2.00’ 

3 02 

Lime (CaO) 

5 70 

11 04 

2 55 

23.70 

0..30 

Magnesia (MgO) 

2 48 

4 17 

1 47 

tr. 

1.20 

Potash (K,0) 

H 23 

2 00 

2 03 

.58 

75 

Soda(Na/:)) 

1 07 


.88 

1.00 

2.01 

Manganese oxide (MnO) 

.11 





Titanium oxide ( 




!70 

1 13 

Phosphorus pentoxide (P/)^) 

'i5 





Water (11,0) 

5 18 

3 00 

4 75 

3 00’ 

4 00 

Carbon dioxide (COj) and moisture. 

4 01 

l.'i 00 

2 00 

18 80 

8 00 

Total ... j 

99.09 

97.90 

100 15 

100 48 

08 5.3 


1. Albany, N Y. Ohio Opol Siirv , Vll. p. 105, 1893. 

II. RowIpV, Mich Ibid., p. 105. 

III. Bnmfield, O Ibid , p 105. 

IV. IvPon Creek near San Antonio, Tex. O. H. Palm, anal. 

V. Alazan Creek near San Antonio, Tex, O. H. Palm, anal. 

The use of slip-clays for glazing stoneware is decreasing each year, 
because an artificial white glaze is now u.sually preferred. 


MISCELLANEOUS KINDS OF CLAYS 

Clays Used when Burned 

Gumbo-clay. — Under this name there are included certain fii'ie- 
grained, highly plastic, tenacious clays of surface character, v.nich are 
found at many points in the Western Central States. Their high shrinkair^ 


‘ la. Geol. Surv., XIV, p. 224, 1904. 
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and dense charaeter prohibits their use for briekmakino, but they are 
found excellently adapted to the manufacture of railroad ballnst. 

Wheeler, in describing the Mi.ssoiiri occurrences^ states that they 
do not differ chemicaily from common brick, paving!; brick, s('\ver-})i))e 
or ot^K'r burnt clays, and “their peculiar value for burnt ballast is entirely 
a physical on(\” Jle ^ives the following: variation in comjjositioii; 


Silica (SiOj. 

. t;,") 

Alumina (A1 

1.') ‘JO 

Fcrrii; o\ui(' (l‘'c,( ) J 

a - • 

lame (( aO) 

1 - :t 

MagnoMu (MgO) 

.a - _> 

Alkalies (Xa ,(), Iv ,0) 

2 o ■ ) 

W.atcr (11,0). 

() -It) 

1*'1UX('S. ... 

10 -15 

TIk'ii’ ])hysical jiropi'rties range a.s Ik'Iow: 

'\\’al('i n'(|uin'(l 

. . 22-25 pci cent. 

.\\ t'lagc f(‘nsil(‘ .st length 

270 llOlhs. per 

Aii-'-hi mkagi' 

S I0pcrc(‘nt. 

J''ii'c-slii mkagi'. . 

1 0 pci cent 

1 ncipK'ul it iilicat ion. ... 

1000" 1700" F. 

( omplctc \ it 1 ilicat ion . . 

. 1750’ 1S."0"F. 

\ iscoMty . . . 

1000" 2ono" F 

Retort-clay. A di'ii, "('-burning. i)ka>tic. 

s('tni-iel i.actorv cla\ 


cliK'dy 111 till' mamifactUK' of ua-'-ictoiis and ziiic-r('|('r(>. hi New 
,j(M‘s('\ tli(' ti'riii Is oflc'U applii'd to "loiiew ar('-('la\ 

Pot-clay. - A cla\ us(‘d for tlu* niamifactUK' ol i^la.ss pot^, an<l (‘omm*- 
(jUciilK icpi’cM’iil iii<; a \(‘r\ <l(‘iiM‘-biii tiiii}; lir(‘-clay. In ri'fiacioriiK .ss 
it ian^('s fi'oni a lii<;lil\ refractor} to a i(‘fta('tor} cla\. 

Ware-clay. \ term sonu'tiines uM‘d for ball-clavs. (‘>peciall\' in iIk' 
Wo(Hll)ri(l;’(\ N. .1 , di>tiict. 

Pipe-clay.-- Tlii.s is a t(‘rm apphu'd to almost any liiK'-yraiiH'd jila^'tic 
cla\. Stricth' s|)eakin,ii. it would nLa to a clay usi'd for makin” sewer- 
pifK'. 

Sagger-clay. This is a term apjilH'd to clay.^ which are ummI in a 
mi\tur<' for making llu' ^agger.s m which the whit(‘ ware .and otlu'r 
liigli grades of pott(‘rv are buriK'd Lluw' ar(' commonl} rather silica'oiis 
in t lu'ir character, although some' mav Ik* iisi'd on account of tluur bonding 
pow('r and freedom from grit to hold lh<‘ more porous grades togc'tlier. 
As far,^s the physical prop(‘rti('s go the sagger-cka} s an' not, tlu'n'fon*, 
repres('i^l b\ any oik' t\pe. 'ria'ir n*fractorine.ss varies from that 
T)f a refractory to a semi-n'fractory clav. 

‘ Mo. (Icol. Sur\., .\I, [). .afi, ISIH). See aLo la. (Jcol. Surv., XIV, p. 5:^4, HM)4 
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Wad-clay. — This is a low j^rade of fire-clay, which is used for ^;routing 
the joints between the saggers A\heu tluw are set up in bungs in the 
kilns. 

Portland-cement clay.— TIu' use of clay or shale for Portland cement 
is the most important of wliat may be t(‘rmed the minor ust's of \‘lay. 
Portland ('('iiu'nt is esscmtially an artificial mi\tur(‘ of lime, silica, and 
alumina. The first of these is usually supplied by some form of 
c:dcai’('()us mati'rial, such as limestoiKU marl, or chalk, whih' the otluT 
two aii'' obtaiiu'd by the s('lection of clay or shah', the mixture con- 
sisting appro\imat(‘ly of To jhm’ cent. lim(‘ carbonate and 25 pi'r c('nt 
clay or shall'. 

('lays or shali's to be usi'd for Poi tland-ci'ini'iit manufacture should 
be as free as possible from coarse jiarticli's or lumps of sand, gravel, or 
concri'tions. These conditions ari' bi'st mi't b\’ thi' t raiisporti'd clays, 
smci' ri'sidiial clays ari' freipii'iitly >andy or stony, and many glacial 
clays notably so. \u examination of tlu' analysi's of cla>s usi'd at 
different works in this country shows that the silica ])ercentage ranges 
from 50 to 70 per cimt; when calcareous clays are used it may fall below 
50 per cent. 

The analyses shown on page 233 give the composition of clays em- 
ployed at a number of different localities. 

It is not to be uniierstood from what has been said aliove that tlio 
clays w’hose anal\^es are given can be UM'd only for Portland-cement 
manufacture: indeed nearly all of them could be ut ilized for some kind 
of clay product. 


Clays Used in Unburned Condition 

Paper-clays. — These form a typi' of clay much usi'd by paj'ier manu- 
factun'i’s, and which are mixi'd in with the pulf) tiber, so that tlu' latti'r 
can enmesh a certain amount of tlu' clay partick'S. d'he degree of plasticity 
of the clay si'ems to play an important rule, sinci' it is lound that a givi'ii 
pa})('r will ofti'ii ri'tain a much gnader ])roportion of sonu' chavs than 
others, those of which tlu; gri'ati'st quantity is retained being tlu' most 
plastic. Sand is an undesirabh' constitiu'iit of paper-clay, for tlu* ri'ason 
that the sand-grains wear the wires of thi' screi'iis through whifh the 
materials ha\e to pass. It can often be ('liminateil from the cay ]>y 
washing. Whiti'iiess of color is a third essential, and must be a p'imaiy 
character of th(* clay. . 

The best gradi'S of paper-clay are some importeil washi^d kaolin‘s, 
but large quantities of good pa])er-clay are also obtained from the Potomac 
formations of (leorgia, and the Cretaci'ous and Tertiary ones of South 
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i 1. 

II. 

III. 

IV. 

V. 

VI. 

Silica (SiOJ 

53 30 
23 29 
9.52 
30 
1.49 

1 30 

03 73 
22 12 
*^9 0? 

2 S3 

74 29 

04 S5 

55 27 
10 20 

3 40 

9 12 

5 73 

■ 

Aluryina (AbOg) 

10 56 

S 52 

2 84 

20 94 

Ferric oxide (IcaC,). . . . 

Lime'(CaO) 

Magnesia (MgO) 

4 92 
41 

5 92 

2 24 

Potash (KjjO) 

Soda (Na,0) 

Sulphur trioxide (SO,,).. 

} 

. On 

/ .70 

1 4U 

1 32 

2.70 

1 l.SO 



1 1 97 

Caibon dioxide ((’(L) . . 
Water H,()) 

5.10 



\ 4.98 


• \i to 




J 


5 95 


Silica (SiOj) 

Alumina _(Al/y . . . . 

Ferric oxide (FeOj) . . . 

Lime(('aO). ‘ 

Magnesia (MgO) . . . . 

Potash (K.Oj 

Soda (Na.,0) 

Sulphur trioxide (SO3) 
(-arnon dioxide ((’ 0 .) . 
Water (H/.)). 







_ - 

VIL 

VIll. 

IX. 

X, 

XL 

57 98 

01 09 

51 .30 

01 92 

55 27 

18 20 

19 19 

19 33 

10 58 


4.57 

0.78 

5 57 

7 84 

28 , J 5 

1 75 

2.51 

3.29 

2 01 

5.84 

1.83 

05 

2 57 

1 58 

2.25 


1 8 

1 30 


1 3.01 
tr. 

L 28 

1 42 

2 ,30 ’ 

12 

12.08 

5.13 





T. Little Hock, Ark Ainei, Iiis( Mm. Kn^ , Trans., XXVH, 02. 

II. Santa Ciuz, (,’al Mm lixlus , 1, p 52 

III. Reilforfl, Ind. ImJ Dept (ii^ol and Na< lies , 25*11 Ann. lU-pt.. p. 32S. 

IV. Millbury, O Mich Cool Sui\ , \1II, I*( HI, j> 229 ' 

V. Syraciisr;, Ind. Ind. Dept (lool and Wat Res. 2.5tli Ann. Rept., p 28. 

VI. linstol, Ind U S Ceol Smv , 2lst Ann Rep( , R( (i (eld.), p. 4()(). 

VII. Yankton, S Dak. Mm Indii.s , \ I. p 97 

VIII. Al|)ena, Mich. Mich Ool Snr\ . VIIl, Pt III, p 227 
IX, La Salle, 111 U S (leol Snrv , 2()tli Ann Rciit , Pi. 0 (ctd.). p. ,541 
X. Catskill, N Y Siitiplied by company 
XL Glens Falls, N. Y. Mm Indus , VI, p 97. 


Carolina. The Algonkian kaolin.s of Maryland , Delaware, and Coniuietieut, 
its well as the white residual ( ainhro-Silurijtii ones of southeastern 
Pennsylvania, have also been used for this purpose. 

Many of these clays are, however, also iit ilized for the manufacture of 
clay-})roducts, such as white earthenware, wall-tile, etc. 

Mineral paint. — Certain clays and shales, when ground and mixed 
with oil, make a good grade of mineral paint. Their color in most 
casesjis due to some form of iron oxide, or more rarely manganese, 
is often nothing more than a fint‘-grained ferruginous clay colored 
finite, and the same may be true of sienna. 

'^Mineral paints made from clays and shales form a cheap and satisfac- 
tory form of pigment for application to wooden surfaces. The value 
cf the material depends to a large extent on the shade of color, its texture, 
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and the amount of oil that has to be mixed with it in order to get the 
proper degree of fluidity. 

Ultramarine manufacture. — Washed kaolin or even very fine-grained 
white sedimentary clays are used in the manufacture of ultramarine to 
serve as a nucleus for gathering the coloring material. For this ' work 
the clay should be as low in iron or lime as possible, and an excess of 
silica is undesirable. 

Polishing and abrasive materials.— Many clays exert a combined 
polishmg and abrasive action, on account of the very finely divided grains 
of sand which they contain. The well-known Bath brick which has 
such an extensive domestic uao. for scouring steel utensils is simply a 
fine-grained siliceous clay, w}ii(;h is deposited during high tide along 
the banks of the Parrot River in England. 

Some clay is used for bonding purposes in the manufacture of 
corundum-wheels. These are burned In'fore use, so that the clay vit- 
rifies and holds tlie corundum-grains together. 


METHODS OF MINING AND MANUFACTURE 

METHODS OF MINING 

Prospecting for Clays 

A knowledge of the facts given in Chapter I will, if borne in mind, 
be of much aid to the clay-worker in prosjiecting for clays, but several 
additional points may be mentioned by which beds of clay may be 
located. 

Outcrops.— The presence of a clay-bed is usually detected by means 
of an outcrop. These exposures arc commonly to be found on inclined 
surfaces, such as hilltops, or where natural or artificial cuts have been 
made. The washing out of gullies by heavy rains, the cutting of a 
stream valley, railroad or wagon-road cuts, all form good places in 
which to look for outcropping clay-beds. The newer the cut the better 
the exposure, for the sides of such excavations wash down rapidly, and 
a muddy-red surface-clay or loam will often run down over a bed of 
lighter colored clay beneath so as to completely hide it from view. If 
the cut is deep and freshly made the depth of weathering can frec,;aently 
be determined. 

Springs. — In many cases the presence of clay is shown by th . o ccur- 
rence of one or more springs issuing from the same level along soiV.^ 
hill-slope. These are caused by waters seeping down from the surface 
(Fig. 38) until they reach the top of some impervious clay stratum, 



Allowing method of working day in a ivctangular pit. (.After Kies, J. Ceol, 
Sur\ .. I'in. Kept., \'[, j). ;it, 1904.) 
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whirh they then follow (o the face of Iho l)anlv wlu'ro they isMU'. The 
presence of sprin-s, how(‘ver, cannot he used as a positive' indication of 



fro. .}S. — 1' orniat ion ol spiiiijoj due to groiiii<l-\\a((*i followiiif^ a clny-laye'r, 

clay, for a bed of c('inent(‘d iron sand, or (‘veni de'iise sill, inav prodma' the 
saiiK' ellect (Id;^. 39). 



Ponds, -dn niany r(\uions covi'ia'd hv ^ilacial drift, pools of watei* arc 
ofte'ii n'taiiK'd in d(‘pr(*ssions, because ol tlu' pri'se'iice' b(‘lo\v ol a watea- 
ti^hl lied of clay 10), It does not lU'cessarily indicate* a thick 



I' Ki H) I'oi mat ion ol ;i pond diic to a e'lay-hcd lie'iie'alh a de'pK'ssion. 


de'pejsit, for a veay thin layer ofte'ii heilds u|) a ceinside'rable boely of wate-r. 

,Siicij ponds may like'wise' in rare*!- iiistanea's be* e*aused by ,<;round-water 
se'^Sjy down from hi,i;he*r le've'U. e*ve‘n in the* abse*ne‘e‘ of e*lay. 

Vegetation. (3ay-d{'posit.s m some are'as ])roelne*e a eliffereni type 
eif t)lant growth frenn either soils, bin tlie' e-haracte*r eif the; vegetation 
can only be used as a subordinate' aid in the se'are*h eif e-lav. 
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EXPLOITATION OF f’LAY-DKPOSITS 

The locution of u clay-deposit is followed by a determination of 
its thickness, extent, character, and uses, d’hc lirst two points and 
some facts bearing on the third are determiiu'd in tlie field; the 
behavior of the clay when mixed np and bunuHl is found out by tests 
made in the laboratory or at som(‘ factory, an<l the information thus 
obtained indicates the (commercial value of tiu' mat('rial. 

To del('rmin(‘ th(‘ thi(*kness and extent of the de[)osit a careful 
examination should be made of all clay outcrops in iKMuliborin^ ^iillk's, 
or other cuts on tlu' property havinji, the clay. Since, lumever, most 
clav-slop(‘S wash down easily, it may 1 h‘ n(‘C('ssarv to diji; ditches from 
the to).) to the bottom of the cut or hillsid(‘ in onh'r to uncov('r the uiidis- 
turl.iei.l clay-b('ds. In most case's, how('V('r, tlu' cuts are' not siitlicie'iitly 
close to.iiether and additional me'ans have to be' taken to de'terminc 
the thickness of the' eh'posit at inte'rme'diate' points. Such data arc 
sonu'times obtainable from we'lls or e'xcavations made for ek'i'p cellars, 
but tlie information thus obtained has to be take'ii on he'arsay. llorin.a’s 
made' with an auj 2 ,('r furnish a. more' .satisfactory and I'apid me'ans of 
determinin,!’ the' thickness of the' clay-de'j)osit away from the outcrop. 
A [)ost-hole auu.er. cuttin,u a hole' of thre'e' to four inclu's diameter, can 
e'asily lie use'd to a de'pth of ;>t) or It) lee't. while' one' of two inclu'S diamete'i* 
can b(' sunk to IIH) tVet without much dilhciilty. 

h'l’orn compari.son of the' data obtaine'd from the liore'-liole's and 
outcro])S, an\ \('rtical or hori/ontal variations in the' eh'posit can usually 
lie trace'd. bimonite' concre't ions or crusts, if jire'se'iit in any abundance, 
are :dmost sure' to be disco\e're'd, and e've'ii the' dryne'ss of the be'ds can l)e 
ascertained, \hiriations in the' thickness of the' he'd and amount of 
strip])in;i: are also eU'terminabh'. If small sample's are' eh'sire'd foi' labora- 
tory te'stinii: tlu'se' can be' take'ii from the' outcrops and bore'-hoh'S, but if 
lar”;e^ sample's are wante.'d from the' inte'rme'diate' })eints it is be'st to sink 
test-pits where' the' borin;;s were made'. 

In sonie^ re'^ions the* clay-mine'rs make use* of an au,aer to ^uide' the'iu 
ill the'ir di^iiinp; ()[)e'r;d ions, this be'iii” often ne'ce'ssary on account eif 
the rapid variatiejns that may occur in anv one eh'posit. 

Adaptability of Clay for Working 

Having determine'd the thickiie'.ss, extent, and characte'r of^'ilio ca\y 
there still remain .se've'ral imjHirtaiit iioints which have*- to be^ considered. 

One of tlie'se is the amount of stripjiing, fern if the clay is jiot of high 
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grade it will not pay to remove much overburden unless the latter can 
be used. It is sometimes utilized for filling, where the factory is to be 
erected next tc the bank, or for admixture with the clay, especially if 
the latter is toe plastic or fat. In such event, however, the overburden 
should be free from pebbles, or if not it should be screened. Irctpient 
neglect of this often injures the bricks. Jf the overburden is clean sand 
it can often be disposed of for foundry use, building or other purposes. 

Drainage facilities must be looked out for, since dryness is essential 
for successful and economic working of the clay-bed. In some tlistricts 
the clay is underlain by a stratum of wet sand, which should not be pene- 
trated. In rare cases an underlying sand-bed is dry and may even serve 
for drainage purposes. If the clay-deposit lies below the level of the 
surrounding country, drainage will be more difhcult than wIk'I’c the bed 
outcrops on a hillside, although in the latter case trouble may be and 
often is caused by springs. 

Some bardcs contain several different grades of clay, and it then remains 
to see whetlier they are all of marketable (diaracter, or, if not, whether 
the expense of separating the worthless clay will overbalance the profit 
derived* from the salable earth. 

Transportation facilities are not to be overlooked, either for the raw 
clay or for the product, where the factory is located at the pit ( r bank. 
Long haulages with teams arc costly, and steam haulage is far more 
economical when the output warrants it' but, even with the establish- 
ment of favorable conditions in every case, the successful marketing of 
the product is sometimes a long and tedious task, for many manufacturers 
hesitate to experiment with new clays. 

Methods of Winning the Clay ^ 

Clays and shales are commonly worked eitlier as open pits or quarry 
wyficings or by underground methods. The open-pit method is practised 

most localities where the deposit lies at or near the surface and there 
is little or no overburden to be removed. If the clay is soft and the quan- 
tity to be dug small picks and shovels are commonly used, but for more 
extensive operations plows and scrapers are cheaper and of greater 
capacity. In extensive works steam-shovels (PI. XXVI, Fig. 1) arc the 
best and most economical means, and capable of excavating even soft 
shalefl They can be used with a face of 15 or 20 feet height, but have 
8he disadvantage of mixing the clay from the top to the bottom of the 
banj?\ 

"in deposits of very tough clay or hard shale blasting is frequently 

‘ In this connection see J. K. Moore and II. R. Straight, Methods and Esti- 
mates of Cost of Handling Clay and Clay Materials, Clay Worker, XL VII, pp. 051 
and 785, 1907. 
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necessary in order to loosen up the material. Since surface-waters 
often trickle through the soil until they reach a clay-surface and follow 
it, there is not infrequently a series of small springs emerging along the 
top of a clay-bank, and the water from these is usually diverted by means 
of properly constructed ditches. In addition to these ditches, however, 
it is commonly necessary to have additional ones on the ground at the 
base of the bank. If the bank is high, that is seventy-five feet or more 
and of soft clay, it is safer to work it in several benches or steps (PI. 
XXXUI, Fig. 2) and not as a vertical face, for the latter will be apt to 
slide if the clay gets water-soaked. Neither should the factory be located 
close to the base of such a bank, where there is danger of slides, and the 
writer has seen several instances in which yards have been buried in 
this manner. The ease with which large masses of clay will sometimes 
cave or slide when softened with water was well illustrated recently at 
Haverstraw, N. Y., when a portion of a large cliff overlooking the clay- 
pits sank down, carrying many houses and people with it. 

Where the clay is not of uniform quality from top to bottom, or 
when a number of layers of different kinds, as terra-cotta, fire-, and stone- 
ware-clay are present, it is then necessary to strip off each one separately 
and place it in a storage pile by itself. This is notably the custom in 
the Woodbridge and Perth Amboy districts of New Jersey, and the 
practice followed there may be described in some detail, as the same 
method might be adopted in other parts of the coastal plain area. 

In the area referred to the better grades of clay are generally dug by 
small pits. Thc.se are (X)mmonly scpiare, and about ten to liiteen feet 
or more on a side (Fig. 41), and the depth is usually that of the thickness 
of the good clay in the bed. Around Woodbridge the miners commonly 
penetrate the No. 1 fire-(4ay or sometimes the extra sandy clay below, but 
the depth is oftentimes determined by the character of the ground and 
presence or absence of water underneath. Where there is danger of 
the pit caving in, the sides are sometimes protected in the weak parts 
by planking, held in place by cross- timbers. 

The clay is dug by a gouge-spade, which differs from an ordinary 
spade in having a curved or semi-cylindrical blade, as well as a tread on 
its upper edge, to aid the digger in forcing it into the tough clay. A 
lump of clay vlug by the pitman is termed a spit, and in taking /ait the 
material it is customary to dig over the area of the bottom of Ihe p^it 
to the depth of a spade and then begin a new spit. The thickne^W any 
bed of clay, therefore, is always judged in spits. • 

Where a pit is dug so deep that it is not possible for the workman * 
to throw or lift the lumps to the surface of the ground, a platform may 
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be buili in the pit half-way up its side, or else the clay is loaded into 
buckets (i 1. VlJl) and hoisted to the suidace by means of a derrick 
operated by steam- or horse-power. As soon as a pit is worked out a 
new one is begun next to it, but a wall of clay, I to 2 feet thick, is com- 
monly left between the two. When the second pit is done as much as 
possible of this wall is removed. A pl.-itform of planking is laid on one 
side of the pit on the ground, and the clay thrown ujxmi this, the different 
grades being kept separate. 

When the clay lies above the ground- or road-level there is les^t rouble 
with water, and it is not necessary to work the clay in pits, although the 
general system of working forward in a succession of pit-like excavations 



Fio. 41.— yeetioa of pit working in Middlesc'C di.^trict. (After Ric.s, N. J. rjeol. 

Surv., Fin. Kept., VI, p. 1004.) 

or recesses is followed. In such banks the cart or car is backed against 
the face of the excavation and the clay thrown into it. 

Unless a number of ])its an* being dug at the same time, the output 
of one deposit or of any one grade is neces.sarily small, since five 
^six different kinds are sometimes obtained from one pit. It would 
also seem that by tliis method any one grade of clay might show greater 
variation than if the excavations were more extended, for the reason that 
since clay-beds are liable to horizontal variation, the material extracted 
from one pit might be different from t hat taken from another farther on. 
Against this we may of course argue that the clays from different pits 
get mixed up on the storage pile. 

^ As these pits are small and the time required for sinking one, namely, 
two or three days, is not very great, but little water runs in them, although 
in some much water comes from sand or other layers that are sometimes 
inter-stratified with the clay. The surface drainage is commonly diverted 
by means of ditches dug around the top of the pit. In some districts 
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there is a bed of water-bearing]; sand underlying the lowest clay dug, and, 
as this is ai)proache(l, hand-pumps have to be used to keep down the 
water until the last s})it of clay is all taken out. 

In digging a pit of clay, it is well to avoid discarding a clay of lower 
grade or mixing it with the dirt stripi)ing, because it has no market 
value at the time. Careless handling of the medium-grade clays in the 
Woodbridge and Perth Amboy districts in the early days of tlu'ir develop- 
ment has been the means of spoiling muc.h clay that would now be 
salable. 

Haulage. — If the distance from the bank to works or shipping-point 
is short, wheelbarrows or one-horse carts arc used, but, if a longer haulage 
is necessary, it is more economical to lay light tracks and haul the clay 
in cars drawn by horses or small engines. Steam haulage is economical 
for a distance of perhaps not less than 1000 feet, and provided the 
locomotive is kept constantly employed. 

When a pit is to be opened, the lop dirt, stripping or bearing, as it 
is variously called, is first rcmov('(l to some pla(;e where it will not have 
to be disturb(Hl, in order to avoid the cost of a second moving, but, after 
one pit has been started, it is often customary to use the stripping from 
a new pit for filling the old one. 

The cost of removing the stripping will depend on its character, 
whether hard or soft, the distam^e to be moved, and the possibility 
of its being used for any ])urpose, such as filling or grading. The methods 
of removal employed will also affect the expense. If the thickness of 
the overburden is consid(;rable and a large quantity has to be removed, 
it is cheaper to dig it with a sl,eam-shovel than by hand. Wheel-scrapers 
are also cm])loyed at times, and if the distance to the dump-heap is short 
the material can be carried there in the scraper. If the stripping can be 
used to mix with the clay it is sometimes dug with shovels and scr^^ned 
to free it from pebbles. A method tried at some localities is to remC'^c 
the sandy or gravelly overburden by washing (PI. IX, Pig. 2). This\^ 
is done by directing a powerful stream of water from a hose against 
the face or surface of the gravel and wa.shing it down into some ditch 
along which it runs off. 

In selecting the site for a dump-heap, care should be taken not to 
locate it over any clay-deposit whicli is to be worked out later, but the 
presence or absence of such clay under the proposed dump can commonly 
bo determined by a few bore-holes made with an auger. 

Kaolin-mining. — Since most of the kaolin-deposits worked in the 
United States are long and narrow, a method often adopted consists in 
sinking a circular pit in the kaolin about 25 feet in diameter. As the 
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pit proceecia in depth it is lined witli a crihwork of wood (PI. XXXIV, 
Fig. 1). This lining is extended to tlie foil depth of the ])it, wliieh 
varies from 50 to 100 or even 120 feet. When the bottom of the kaolin 
has been reached the flllirr;-i:i of the ])it is begun, the cribwork being 
removed from the bottom \ipwards as the tilling proceeds. If there is 
any overburden it is used for tilling \i\) the old pits. The kaolin is removed 
from the pit with a bucket-hoist, and as soon as one pit is tilled a new 
one may be sunk in the same manner right next to it. In this way the 
whole vein is worked out, and, if the deposit is large, several pi^s may 
be sunk at the same time. 

A somewhat unique method of mining is that ])racticed in the Porn- 
wall, Fng., district where the material to be mined is a sandy kaolin of 
great depth. The method of working is described by J. 11. ('ollins^ 
as follows: 


"Vhe depth of the overburden and the extent of tlie woikable clay-giound 
having been Hutlieiently Uhcorlained by pitting or boring (often by a eonibinalion 
of both inethod.s),ii shaft is sunk in the firm rock, near thcelay whieh is to be woiked, 
and to a depth of 15 or 20 fathoms. A cross-ent is put out from the bottom of 
the shaft mto the elay-giound. 'I'liis must )a> ..eeurely timbered where it appioaebes 
the clay-ground. The oveihurden having been removed o’al deposited at a eon- 
venient spot, a raise is put up vertieally through the elay to the surface. In tin's 
is placed (vertieally) a wooden laumk'i, which reaches williin a iailiom oi two of 
the surface, and is provided with lateral openings a loot or two apail, eaeli of wliieh 
is closed by a temiiorary wooden eo\(‘r. 'Jliis is calk'd a ‘buttonbolc laiiiak'r. 
The .shaft having been e(iuii)i)ed with a suitable pump, work m;iy be begun at once. 
The elay-ground, to a depth of a fathom oi .so aioutid the bultonliolc lamuler, is 
removed and a stieam oi watei, pumpi'd from llie .sliult oi bionght jiloiig tiom 
some other source-, is maele to (low' ovei the broken giound, wliieh is at the same 
time stirred up as may bo necessary. The fine clay paiticles, Imld in .suspe-nsion 
in the milky stream, puss down the launder and along the eio.ss-eut to the shaft, 
whence they are pumped ui) for iurlla'i treatment. 'I'he (piartz-giains (‘sand’) 
anel/fie coar.scr particles of mica, s.-lioil (tourmaline), etc., are .shoveled up f’^m 
ij^nd the launder and trammed away fo the wasle-dump. As the depth of the 
Urkings increases, other ‘buttonholes’ are opeiu'd, tlic melmation of the clay 
‘stopes’ being at the same time maintained by n-moving more ovcrbuideii and 

by cutting away the margin of the pit. , , ,, 

“The clay raised in suspension from the shaft by the pump is made to flow 
tlTo.igh a long of .^hallow I ro.igl.s rAM ’ mic-as’; IIk-o aro set nearly lovol a, ul 
the stream is divided again and again so as to lessen Hic rale of I on and to allow 
the Hnc samly rmd rnieaeeons |.a,ti,-l,.s to M.|tl,. Inna ly, the >elnHsl-,.|ay str,.am 
ia led into circular stono-lirud pits, pref.-rahly from 1„ to IS ft. deep wlaae tin, 
dly settles to a creamy .anrsisteney, ninie the oye.llow of nearly clear water 
is conducted back to the elay-stnp.s, where it r.gam serves fnr the ua.slnng pro- 
'I’he deposit in the ‘ mieas’ is sr.epi out from time to tone, an operalion winch 


’Min. Indii.s., Xill, p. 472, 1D0.5. 


cess. 
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occupies only a few minutes, after which they arc again ready to receive the clAy 
stream. The thickened clay from the pits passes to large stone-built or stone- 
lined tanks, which arc from f) to 8 ft. deep. In many ca.sf\s they consist meiely 
of two dry-built rubble walls placed as far apart as tlto <lepth ot the tank and 
puddled between with waste sand, containing a little clay Irom some previous 
working. From the tanks, after further settlement, it is trammed into the kiln 
or ‘dry.’ The deposit in the micas is sometimes re-washed, so as to yield an 
inferior product, which is commercially sold as ‘mica’ or ‘mica-clay.’ 

''CarclazUe' varies much in productiveness; in obtaining one ton of fine clay 
the following by-products have to be dealt with: From 3 to 7 tons of sand, average 
4 tons; 2 to 5 cwt. of coarse mica, average 3 cwt.; 1 to 3 cwt. of fine mica (mica 
clay), average 2 cwt.; 1 to I cwt. of stones, mostly quartz, with, generally, much 
‘schorl’ from the stony veins or branches. A cubic fathom of carclazite of good 
quality will yield about three tons of fine clay; on an average nearly half a cubic 
fathom of overburden must bo removed in order to get it.” 


A somewhat similar method has recently been adopted to work the 
kaolin-deposits at West Cornwall, Conn., and the following description 
of it is given by A. R. Ledoux:- 

‘‘Tho kaolin-deposit of West Cornwall is an alteration in .situ — that is, it is not 
sedimentary. A series of clay-veins, dipping about 50° from the vertical, he between 
a foot-wall of limonitc and a hanging- wall of gneiss and hornblende schist, ’the 
clay-veins alternate with veins or .seams of more or Ic.ss broken quartz and unaltered 
feldspar. I’he deposit, which occurs at a point about 000 ft. above the llousatonic 
River, was opened five years ago, and about 5000 tons of wa.shcd kaolin ha.s been 
e.xtracted from open pits and sold. 

“Mr. Wanner conceived the .scheme to disintegrate the kaolin in .situ by means 
of jets of water under suffi(‘ient prc.ssure, and floating the resultant jiroduct to the 
surface. To accomplish this result holes are drilled through the overlying gneiss, 
a pipe of 4-in. internal diameter is in.sertcd into the bore and driven into the clay- 
body to within a few feet of the foot-wall. 'I'he wells in operation are from 50 to 
19S ft. deep. Into this 4-in. pipe or ‘ca.sing’ an interior pipe is inserted of 2-in. 
external diameter, leaving an annular space of 1 in. for the flow of the slip. The 
lower end ot the internal pipe is provided with a mouthpiece with several noz. le- 
like openings for the exit of the water; the mouthpiece rests on the clay-body, aiit! 
the interior pipe sinks gradually as the clay is removed until it rests on the foot- 
wall of the vein. For the operation of these ‘ hydraulics' a head of water equivalent 
to a prc.ssure of from 40 to 60 lbs. per k(|. in. is recpiired, according to the nature of 
the vein-matter. 

‘‘Residual kaolin .slack.s more or less readily, according to the amount of sand 
and mica mixed with it. In the ca.se in point, it has been found that a pre.s.sure of 
40 lb.s. is amply sufficient to cause the disintegration, the vein-matter contains 
20 per cent and the slip, di.scharged by the hydraulics, from 60 to 75 per cent of 
pure kaolin. The purity of the di.scharged slip is inversely proportional to the veloc- 
ity of the overflow. 


* A name applied to the kimhn. 

* Amer. Inst, Min. Kng,, Hi-monthly Hull., No. 9, p. 379, 1906- 
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“Observations made during the 1905 season’s work have shown that the 
oversow contains from 5 to 10 per cent of solid njatter. A dischaige of 100 gal. 
per mm. through tin; a|nular space of 9 12 stj. in. from a depth ot 127 ft. yielded 
5 per cent of solid matter, of which 75 per cent was [)urc kaolin, while a discharge 
of 200 gal. per min., through the same orifice from the same depth, gave a slip con- 
taining It) per cent of solid matter but only 51 pei cent of puie kaolin, the rest 
being finely divided (piartz and mica. 

“In addition to the lessening of the cost of extraction, the method described 
has effectually solved the transportation of the product to the railroad. Hereto, 
fore, the kaolin washed and dried at the mines was carteil by teams ovei a dithcult 
mountain road to West Cornwall, 1 miles distant. 'I’he fuel for the whole pkyit had 
to be hauled up the mountain the same distance. With slip issuing from the 
hydraulics of only 10 per cent of solid matter and sufficient finene.ss to pass through 
100-mesh screens, the conveyance ot the product Ihioiigh a pipe-line to the lloiisa- 
tonic Valley ofTers no difficulty, and the company now contemplates the erection 
of a new washing-plant adjacent to the river and railroad.” 


Underground workings.— -This nictliod inny bo resorted to when 
the chiy-bcd is covered by such ti great thickness of overburden tlnit 
its removal would be too costly. If the bed sought outcrops on the side 
of a hill, a tunnel or drift is driven in tdong the clay-bed, as shown in 
PI. VII, Pig. 2, but in case no outcrop is acce.ssible it is nece.ssary to 
sink a vertical shaft (h’ig. 5:f) until the bed of clay is n^ached, and from 
this, levels or tunnels may be driven along the clay -bed. 

Underground methods arc desirable, howevcu', only under certain 
conditions, whicdi may be enumerated herewith: 

1. In the case of high-grade clays. 

2. Where there is much overlmrihm as compared with the thickness 
of the cla}'-deposit, 

3. There should, if possible, be a solid dense layca* overlying the clay 
stratum, otherwise the expense of timbering for supporting the roof 
may too great. Timbering is nearly always necessary in underground 
cla'-^)rk. Where the clay is not mter-stratiticd between den.se water- 
tight beils, it is often necessary to leave the upper and lower foot of 
'day to form a roof and floor. 

4. The workings should be free from water, both on account of the 
cost of removing the .same and because of the tendency of wet ground 
to slide. 

5. The output is usually restricted, unlc.ss the workings underlie a 

large area, and can be worked by S(‘veral sliafts or drifts. f 

Wt clays are rarely worked by underground methods, but in W.ry- 
^and, Indiana, Missouri, Pennsylvania, and a few other localities, the 
thaly clays associated with the coals are frequently mined by shafts, 
Idrifts. or slopes. 
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Some of the mines are lighted by electricity and also equipped with 
electric hoists, drills, and haulage. 

Preparation of Clay for Market ' 

Unless clay is to be used for higher grades of ware, it rarely requires 
much preparation to make it marketable, for, since the impurities in 
clay often run in streaks or beds, they can be avoided in mining. Large 
concretions, pyrite nodules, and lumps of lignite are often picked out by 
hand |ind thrown to one side. Where the impurities are present in a 
finely divided form and distributed throughout the clay, screening or 
hand-picking may be ineffective, and washing is necessary. 

Washing. — The method of washing most commonly adopted is the 
trougliing method, in which the clay, after being stirred up and disinte- 
grated with water, is washed into a long trough along which it passes, 
dropping its sandy impurities on the way and finally reaching the set- 
tling-vats, into which the clay and water are discharged, and where the 
clay finally settles. 

Details. — The disintegration of the clay is generally accomplished in 
washing-troughs. These consist of cylindrical or rectangular troughs, 
in which there revolves a shaft, bearing a series of arms or stirrers. The 
clay may be taken from the bank direct to the washer, or it may first 
receive a soaking in a pit to slake it. As the clay is put into the washer 
a stream of water is directed on it, and the revolving blades break up the 
clay so that it goes more readily into suspension. The water, with 
suspended clay, then passes (mt at the opposite end from which the water 
entered. 

The troughiiig (PI. X, Fig. 1) into which the material is discharged 
is constructed of planking and has a rectangular cross-section. Its 
slope is very gentle, not more than 1 inch in 20 feet usually, and its 
total length may be from 500 to 700 feet, or even 1000 feet. In order to 
economize space it is usually built in short lengths, which are set side 
by side, and thus the water and clay follow a zigzag course. The pitch, , 
width, and depth of the troughing may be varied to suit the conditions, 
for at some localities it is necessary to remove more sand than at others. 
If the clay contains very much fine sand the pitch must be less than if 
the sand is coarse, since fine sand will not settle in a fast current. In 
the case of very sandy clays, it is customary to place sand-wheels at the 
upper end of the troughing. These are wooden wheels bearing a number 
of iron scoops on their periphery. As the wheel revolves the scoops 
pick up the coarse sand which has settled in the trough and, as the 

^ For information on use of alkaline electrolytes in purification of kaolin, see 
Bureau Standards, Technological Paper 51, 
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scoop r(';iclics Ihc ifptM' litnil of ils liiin on the uluvl. hv its iii\('it('(l 
position it (lro|)s IIkK-ukI upon a ^lantnm cliui.s winch carru's it oiitsulc 
(h(' tioiiuh. I 

1 )\ t h(' tniH' \h/ \\i\\cv [’('achcN tlu' (mkI ol tlu* tionnhina, ncaiK all 
flu' sand lias luri/droppcd and th(‘ wati'r and da) ah' dl^clla^u(‘<l into 
the ^ettlina, tank^, pa'-.siti” lii.^t, howc\(‘t, thioiiah a ''(•i(‘(‘n of alx-iil ^11 
or 1 (H) nu‘>.h. 'Idiia catches an\ pai t icl('s ol dnt oi twiasand thus k('e|)s 
th(' cla\ as clean as pos^ihlc 

I h(' s(‘( ( linn -ta nks (I’l. !■ 114 I) ai(' ol woo(l, ii.-'iiallv ahoiit^l tei't 

d('Cp, S h'('(. w i(ha and -10 or dO h'el Iona ^oon a< oik' is tilled tlu' wati'r 
and cla\ a i(‘ di\(a pal 111(0 anol lua \\hen(hecla\ haa settkal, nios( of 
th(' cl(‘ar water is dtawn oil, .and 1 he cKsanidike mass ol (•l;i\ an<l watei 
111 t 111' bottom of lh(' \at is draw n (»ll Ip UKaiiis of slip pumps and (onaal 
into tli!' pp'sses (I’l \. I I'j. -J) Th('s(' con^i-( ol Hat non 01 wooden 
Iraiiu's. betwt'cn which ai(' Hat can\as hau^. The lallci aie ('ithm con- 
iK'cP'd b\ nippk's with tlu' siippb tubes, or ,>lse then* nia\ be a ccntial 
opeiiina in all (In' piess ba,as and liames, wliuHi. beina m line, toini a 
ccntial tulu' when (h(‘ piess is c|os,.,| up \\\ means ol pivssmv pom 
th(‘ pumps, th(' slip IS IIkmi loiced niti llu' picss, and the wa((a’ is aho 
dii\'(ai out ol it. When ( la* wa((a‘ has Ixaai s(ine(v,('d out (he pu'ss i,s 
opiMK'd, and (Ik^ slu'i'ts ol cl.ax ari' icnio\(‘<l fiom tlu' press cloths and 
si'iit to (lie diynia-ioom oi’ tacks 

W ashing Is applied chie(l\ (o kaolins, but i'^ can led out to a less e\(<'iit 
on lir(‘cla\s, .irlass-pot cla\s, and ball cla\s 

Air separation.— 'kins is a method ol chaansm^ cl;'\s which has Im'cii 
rar('l\ tiu'd, \ et . in sonu' of the case^ wh(a(' it ha-- la'eii Us('(|, is said to 
ha\(‘ met with suiaa'ss. It is ('speeialK applicable to (hos(- (‘la\s pom 
which it IS iKaa'ssaiw (o r('m(»\ (' simpl\ coars(m)r sand\ p.artick's 'FIk' 
proce •s consist in l)n(‘l . in haalnii; ( he dr\ cla\ into a piiKei i/ei , w Inch 
p'(lnc('S it to tlu' condition of a \('r\' fiiu' powdia \s (h(‘ matiaial is 
discliari;('d from th(‘ pulviaa/i'r nilo a lonu bo\ or tunn(T it is sin/ed b\ 
a [low'eiful cuneiit of air, whiidi at onci* picks up the line i)ai(icl(‘s and 
can les them a Ion, 14 to 1 h<‘ mid ol I he an w a \ , w luae ( law an' dnjjipial 111(0 
a 1)111 Th(' coai’sc'i’ pai’ticlcs, which ai’i' (00 heaw to be picked up by 
th(' ciirn'iil , dio]) baidv and an* can led ( hiou!4h ( lit* pul\(‘n/('r onc(' more. 
Such a nu'tliod would bi' esjiecialb ap|)hcabl(' to kaolins that an' Ina* 
from iron, but iiroiiably would iiol be found adaptabh' to many of those, 
(‘o^ it a 111 in, 44 f('rru,i;inous ])ai tick's. 

TIk'I'o an' si'vi'ral foians of separators on the inarki't. In the Ray- 
mond ])ulv('ri/('r and separator tlu' inati'rial is pulv('n/.('d in the lower 
])art of the machine and thi'ii thrown upward, the liner particle's b('in <4 
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caTTi(xl off by a fan to the (lisrhame-hoppcr, tluj rnarsrr ones falling 
back into the hopj)er. I 

Tin: M \Xl KACTl UK OK ( KAY I'KODl TS 

Uses of Clay 

Proliably f('\\ jiersons have anv conec'ption of (he niMnv dilTerent 
appli(*ation^ of chi) in (utlu'r its raw or biiriK'd eondition. d'lu'sc vaii(‘(l 
uses 'an bi' Ixst shown by th(‘ followin,*; tabh', eoinpik'd orii’inally by 
K. T. Hill * and ani|)li(i('d by llu' wiil('r 

J)(iiii(^(ic.- Porcelain, while' wan', stoiu'warc', yt'llow wann and 
Pockinuhain war(' for tabh' s('r\ic(' and fo coetkina; majolica stovc's; 
poli.shinji-brick. Path brick, tin'-kindh'rs. 

X 7 /'U( 7 u/(//. -lirick; connnon, front, pn'ssi'd, oi'nanu'iiial, hollow, 
,alaZ(Ml, adolx'; t('ira-cott;i; iootini;-t ih', ,ula/('d and ('iicaustic tih', di’ain- 
tile, pa^ in^a-brick; chiniiuw -(lu("<, chnniK'V ))ots; doordsiiobs; lii'('proolin,a; 
t('rra-cot t;i Inmlx'r; copinii'^, lence-posts 

yd//fu /e/‘/os', — (’riicil)h's and otlu'r assiyina apparatus; ^as-n'lorts; 
fire liricks; ^la-'S jiots and blocks for tank-fnrn;ic('s: sai:, ac'i's; sto\(' and 
fm‘na(‘(’ bricks; blocks for lin'-bow's; tn)(''i‘('s, cupola bricks; mold riiiin<;s 
for st('('l cast 111, us. 

/'d/f/mo7'///f/.- Puddh': Poi'lland ('('iiu'iit ; milroad ballast; wati'i* 
conduits, Hirbin('-wh('('ls; ('h'cliical conduits, road nu'tal. 

////(//(///( — I’linals, clos('l bow Is. Milks, washtubs, bathtubs, pitclx'rs, 
S(w\er-))ip(', veiitilatmu-lhu's, foundation-blocks, xitrilu'd bricks. 

J)(C()raliri . - Ornanu'iital potti'iy, ti'rra-cotta, majolica, 
stands, tombstoiH's. 

Mutnr //.STS. - F(x)d adiilti'rant ; paint lilh'rs, pajx'r fillmu; ('h'ctiic 
insulators, piimjis; fullmu cloth; scoiirinu-soap, packinu for hiorsi's' 
f('e( ; chi'inical apparatus; condi'iisiiiu-w onus; ink-bol ih's; ultramaiine 
manufacture; emer\-wh('('ls; plavin,u-marbl('s; batteiy-cups; pins, stilts 
and spurs for potters’ Use, shut t h'-e\ c's and t hri'ad-uuiiU's; smokiiiu-jiipi's; 
umbrella-stands, p('d('stals, filt('r-t nlx's; cast('r-w hei'ls; pump-wheels; 
electrical porcc'lain; foot-rtih's; })last('r; alum. 

MK'lIIODs OK M Wni'ACTlTUK 

In the follow inu paui's it is intc'iided to u^'e a brief account of/^he 
iiu'thods of mannfactun' employed, so as to enable one to sec what / 
r('(iuirem('nts a clay has to nu'i't. Tlu* more inijiortant jiroducts arc. 

■ — ( 

' Mineral Itesources, W S., ISOl, p, 175, Washington. 
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I.ipo, diain-lilr I,, low .•on.hnis, i,„-l„„k, roo(„,p-|,i,.- loin- 

floor- nnd wjll-(il(‘; pollcrx. » , n.i 


/Building-brick and Paving-brick 


liuihlin- hrwk l.nrk, I'..,,.,. I l„i..k. r„an„.| 

bru'k, ;„,.l kI.'iz,., hnok, for,,, ,, I,, 

"",",0" '""'k all II, OH. „H.,I lor o,.,|,„„, M„„.|,„al «o,k' 

and a,v oinplox,.,! oMiallv fo, .1,1,. a,.,| „,.|K „! |„„|,|„„s or ,m|,.,.,|’ 

l'n- n,,y p,,,.(,,,,, ,,f||,...,,,,o|,,r,.,U,,.r,.app,.a,ai,,.,.,.,,| ,„„,or i,„po,., 

nil hoiiyl, lor Ih,. H,k,. of ,.,.o„o„„ ihov ,,.,.,1 n,,. |,„„t 

^^alls I l„.y a,,, oil,.,, i„a,l,, «,il,o„| „„„.h |■,.^ar,l |o ,.„|or. m„oo|1„„..s 
of Mii’f,‘i(‘(\ or sh:ir[)ii('ss of cmIuc's 

I'nn,.. I'i,>i]l, or I.,-,...,.,! l„-„.k „i,.|,„|,. (lioH. uiih I, ,|. 

a,,,; i.snalh IV,,,,, a l„.||,.r y,a,|,. o| ,.k„, ,.o„.„l,.,;,i,o,ri„„„„ 

'""•orill,l, oi ,.ol„r. snila,.,.. aii,| of o,i||„io 

H,.,l oil,.. H,.,,. fo,'„„.,'lv aivai ,i,.,Man,l. I,„l al |l„. p,-,..,.,,, i,„|/ 

and biiir uitli 11, any,,,,,..,. .p,.,.kl,.. an- ll,,. nio.l .oiiyln. 

I■,lla^ll.| liiii-k ar,. Iho.,. al,,,-!, |,a\,. a ,-oa|i,iy of ,.|iaMi,.| o,,,. 

t„„ii,.|in„.. Itto .1,1,... 'J’li,. |,o,h j, iiMialli a lir,' ,.|ai, 

(daz,.,l lirk'k |||IT,.|- fi,i,ii ,.|iaiii,.i |,ri, k in l>|.|ny ,.oal|.<| uilli a liaii.- 
liaivnl yiaz,. iii.l,.a,| of an opa,|ii,. ,.nani,.|. Tlii.v aiv ii.,.,| m |.,„iopo 
tlinii ill lli(' Tiiiti'd S(;i((>s. 

Tli(' cliiys used lor lirickniakiiig lia\o alivad) lua'ii doscrilx'd ( p. . 


Manufacture of Brick 

!!?(' iiu'tliods ciiiployod in llio inamilacl uri' of coniihon and picss(>d 
Knck aiv ii,suall\ \(>ry .similar, lli(> dilliMvncc.s Imho (.]ii(-( 1_\ m tlio .si'krlion 
<)1 niati'iial, iIk' d(‘gro(‘ of pK'p.-iralion, and llu' amount of caiv taken in 
Imrning. The manufaetmv of hiieks ma\ lx* .M'paraled into the following 
^tepiS: prc'paialioip molding, drying, and hmniiig. 


Preparation 

In briekmaking .some pri'parat ion of tlic' clay i.s coimnoiiI\ lu'ce.s.saiw' 
rsitlce few claws can be .smil diri'cl Irom tlu* bank to tlu* molding-maclime, 
although some commoii-brudv manufacturers reduci* th<‘ preparation 
proc(',ss to a minimum. 

Many clays are prepared by \\eath('ring, espcx-ially if they are to be 
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used in the ninnufneinre of pressed brick. This is by distribul in,*!; 
tli(' clav o\('r some Hal >nrfac(' in a lliin la\er not n/ n* than 2 or :> f('et 
ill ( liickiu'as and allowin,!; it lo he t lu're ('\))os('d to fil ist , laiii. wind, and 
Min. which n'snlt^ in a alow but thorough dNintc'V'id ion or slacking. 
Iron nodnk'S, if pre'>(Mit. ti'iid to rii^t, and ar(‘ thus na ’•(' caaiK seem and 
rej(‘ct('(l. whil(‘ ])\rite, il pr('a(Mil, ina,\ also decotnpoai^ and ,m\(' ris(' to 
soluble coni])ounds, whi<‘h form a white cru'^t on the .surfac(' of t lu' clay. 
Although aoiiK' clays an* ))i('pare(l b\ w('atheriny, \et in yreat part Ihmr 
diainleyration i< doiu‘ b\ artificial ineana. 

Crushers. -\\ hen tlu' clay or shah' is to b(‘ diainteyrab'd or cnislu'd, 
it is connnonh doia* dr\ . and tlu* machiiu' einployc'd \ari('s with the 
characU'r of tlu' inati'iaal. Hard ahah' i< ollc'ii di^inle,yrate<l in a jaw' 
ci'uslier, which coii'-M of two moxable jaws that inti'rai’t and aie aid 
cloaer to*yet!u'r at th(‘ir lower than at then iippi'r ends. 

Dry pans. — WI u'K' a aoft ahah' or a hard, tou.yh, dr\ cla\' is to lx* list'd, 
dry pans (I’l. \1. I’li!. 1) ai’i* li('(|Uenllv ('inploxa'd. H'lu'si' coiiaist of a 
circulai’ pan in which tlu're ie\ol\e two iion w lu'cls on a hori/oiital 
axis. Th(‘ whei'N turn Ix'cau-t' of tht' friction a,*;ainat the bottimi of th(‘ 
pan, tlu' latt(‘r b(‘in,y rotattxl b\ ateain-|x)wer, and in turniiny tlu'y ,yi‘nid 
bv H'ason of tlu'ir W('i,aht, which ian,L'.es from 2(HH) to oOllO ixninds. 
Th(' bottom of the ))an is made of it'inoxabh' jx'ifoiated ])lat('S, ,>0 tliat 
the matt'iial falls ihroiiuh as aoon as it is , around lint' (‘iiou,ah. Two 
scrafX'i's are plact'd in front of tlu' rollers to throw' th(' mati'i'ial in their 
])al h. 

Disintegrators, w hich ait' aonHainu's umxI for lireakma up clay or 
shale, coii'^i-'t of ■-('Vt'ial dinin'^, or kiuxt's on a\h'a, rexohmy I’apidly 
.\ithni a caM' and in oppo'^ilt* dirt'cl loii'-. \a llu' himpa of clay are 
(hopped into t'u' machinf' I he,\ ah' thrown vioh'iith about belwei'U 
the di'Uina aixl ab>> alula' aiiain-^t each ot hei . thus piiKt'i i/ma the midt'i lal 
complcK'b and lapidlx. H'li'-ir capacit \ la laiyi', but much powei is also 
n'tiuircd to diixe them 

Rolls.- H'hc''*' arc' olleii ('iiiplovc'd (or brc'akimy up cla\ and pc'bblc'S, 
and w'hc'it' di\ malc'iial u ua>d I hc> aic' (piilc' ('tfc'ct i\ c'. but. if damp 
clav is put thiouah lliem, a'^ i' done' at ^omc' yaida, tlu' lumps ate simply 
Hattenc'd out. 'I’hc' am face' of tl;*' rolls i^ amooih, corru,<;ated or toothed, 
or taperine, and the two lolb ic'VoK'' in opposite* directions and with 
dilfereiitial xc'hx'itica of Iroiii bOtl to TOO rc'volutions pc-r minute'. Iti 
some' tlu' atones m the cla\ an* cruahc'd, in oth('rs tlicyv are thioxf n 
out bv I’C'ason of the' construction of tlu* machiiu'. 

\U the machine's me'iitieme'd abeive* aie* uaexl e»ii dry eir ne'arly dry •' 
clpy, but. theie* aie* ac.vc'ral ectlu'r txpe'S whie-li are ('m()le)V(xl feir w('t clays 
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only, nnd tlioso in addilion to lucakiii^; ii)) iIk' i!ia\' also Fo us('d 
to mix it. ddio ])ro(‘(',^s is soinotitncs tc'niK'd (('m])(>riiiii. 

Soak-pits. — Soak-j)ils. meal at many Miiall )aid> tor }tr(‘|iai iiii! tiu' 
(‘lay, an' simply t)i(s in which the clay, witli \\at(‘r added, i-^ allowed ((< 
soak oV('niiyht. 

Ring-pits. — Ring-pits (Dk X\, F'ig. 2), einpl(»u'd at iiiaiu eoniiiioii- 
briek yards, are circular ])ils fioni 20 to 2.') leet in diaineh'r, about d h e( 
d('ep, and lined with boards or brick. Ke\olviiiu in tins pit i-- ;iii non 
w lu'cl, 0 in dianu't('r, so gi'ari'd as to tno('l around th(' pit in a spiial 
jiath, thus thoroughly mixing tlu' ma^s. 'khe teinpeiaiii!, i.s acconipli-.lied 
usualh' in o or (1 hours, and oik* pit coinmoiil} holds eiunmli cLp\ kn 
from 2.'), 0(10 to dO.OOO brick. King-pits an' clieajiei tliaii pug-mill'-, but 
liav(' a lower capacitN’ and reqinri' niori' loom. They are ojfcialed by 
either st('am- or hom('-j)ow('r. 

Pug'iiiills (I'ig. 12) are s('nii-c\ Imdi ical tioiiahs. ^aI\ing in length 
from d to 11 fei't , with (> h'l't as a lair a\erage In this trough tlu'U' 
n'\ol\es a liori/ontal shaft, bi'aring kiini"- s-t -pirall'. aiound it and 
having a \ariabl(' pitch. 'J’he cla\' and water an' ehaigi'd at (tne (‘iid, 
and thej>lad(‘s on tlu' shaft not onl\ cut up the cla\ lumps, but mi\ the 
mass, at t lu' saiiH' lime pushing it towards I Ik' dnch;iige end, 

Ihig-mills ai(' thorough and continuou-- in llu'ir action, take up less 
sjiace than i mg-])ils, and do not iviiuin' much power to op('rate. Tlie\ 
an* tni'd in eoiiiu'ction with both still-mud and solt-mud niachiiK's. 

Wet pans (KI. XI 1, kig. I). -'I'lu'se an* similar t(- div pans, but 
dilfer fftun them in ha\ing a soli<l bottom. TIk' luatc'ri.al and water 
at(' juit into the pan, and the clay is eruslK'd anil ti'nipi'ivd at tlu' same 
tiiiK'. Wlu'n' the clay contaim haid lunij)s of linionite or p\rit(‘ nodules, 
a wi'i jian is supi'iaor to a pug-mill or disint(‘gra(oi , tor llu' ch;ir;'e i-' 
ciusl|(‘d and temjx'red in a few minutes, and can tlii'ii lie replaced bv 
allot lu'i" one. 


Molding 

Ih’icks are inokh'd b\ one (k four nu'thods, namely, soft-mud, stilf- 
imi.l, >ln-|m'-s, ;ni,l scini-ary-piv,.>, nlllidiiyli 'm line L- iml 

nuu-h iliiTcrciicc ImHui’cti IIk' lasi Iwo. 

Soft-mud process.- In llu- inclin’d llio clav, m i-lay and .-.Iiid, air 
i|i\C(l with ualiT 1.1 llic n.ii-isIni.-N .if a snfl iiuid i.r |.a-|c' and incased 
\M,(,dcii iiiiilds. SiiK-c, liiwcvcr, llic ucl cla> is slick) and likely 
l> adhere to 11 woo’lcn surface, llic molds are .siiidcl ea.di lime l.cl'orc 
l^eiiiu tilled. Sofl-iiiiid bricks, tlicrefori, sliou Iinc sanded siirlaccs 
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:iii(l ilic s'aIIi sui'faco will Ix' .soiiicwIkiI r()ii<;li, <1110 (o llic (Acc'Ss of cliiy 
b('in,ii wiped off ('Viai with tlu' lop of llu* mold 

S(dl-imid bricks :uc moldi'd (*ith('r b\ hand or in niaclmu'S. 
ddic solt-mnd machnu' (I'l”. Id) con.sists ii>uall> of an n])rl<ihl Ijox 
of woo(l oi iron, in which llua’i' r('Vol\cs a \('iiical shaft b{>arin,ii, several 
blad("> or arms. \tlach('d to the bottom of iIh' shaft is a lairvcd arm 
w Inch forci's ih(' clav into tlu* pn>s-bo\. Ylu' molds, afti'r Ix'ini; sanded, 
:ir(' shoV(“d nndi'riH'ath the pr('ss-bo\ from the i('ai‘ side of thi' machiiu'. 
kiach mold has six dixi'^ioim, and as it cona'^- nndi'r thi' press box the 



J'k; I.) \ soil -mild 1)1 K kniKicliiiH' 

phincer d("<conds and forces tlu' soil cla\ into it. d'lu' hik'd mold in 
then pushed forward automat icallv upon tlu' delivei \ 'labk', while an 
emptv one moves into its place. As soon as the mold is di'hverc'd its 
upper sui’faci' is “struck’^ off by nu'ans of an iron scrapc'r. I'lidcr 
faxorabk' conditions soft-mud machiiu's liavi* a ca})acily of about ■1(),()()0 
brick ])('!■ day of ten hours, althou,i;h thi'y ran'lv attain this. 

The soft-mud process was the lirst nu'lhod of moldina; enpiloycd, 
and is still larax'ly used al many locahlii's. It is adajUable to a wid 'r 
rau<i;e of clays than any of the othc'i’s, and jiossi'ssi's the advantage (i 
])roducin<i; not only a brick of very homo_‘;('neous structure, but one that 
is rarely affected by frost action. 
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• Stiff-mud process. Wilh tliis motliod (I'l XU, Lio. •_>, and h.), 
^tlio clay is tcMiijX'n'd willi l(\ss wah'r and conM'cjiK'nrlv is niiich slilliM’. 
A'Ik' |)rinci|)l(' of tlu' j)roc(\ss consist, s in takiiiy the clay (lius pK'paivil ;ind 
forcing il llirouyli a dic' in llu' form of a n'ctanyiilar har. uhicli is llaai 
cut lip into bricks. Tli(“ mo.sl ^i^iaKaal form of (lu* .s(ilt-mud macliiiK', 
known :is lli(' a\iy('r macliiiH', in that of a cylinder clonal at one end, 
bill 111 till' oIIk'I- end tap('rin,i; off into a n'ctanyulai die wIiom ‘ CIOnS- 
section IS tli(‘ saiiu' as (Ml Ikw lliecMid or I Ik* lai,i;(\s| nkK' of a brick. W it Inn 
Ibis c\lmd(M', which is s('t in a hoii/.ontal |)osilion, tluM’c is a .Nhall, 
carryiii<i blades similar to thos(‘ of a pu.^-mill, but. at the cMid ol the 
shaft iKsaresI IIk' di(‘ lh(M(‘ is a laixMiii” s(M’('W. Th(‘ du* is heatcal b\ 
st('ain or lubiicated b\ oil on its miUM' sid{‘, in ordiM’ to facilitate tin' 
[low of th(' cla\ lhroii<.ih it. 

TIk' t(Miip(M('d cla} IS char^(‘d into I Ik* c\lind(M’ at the (Mid lailhest 
from th(' di(\ is mt\(‘d up b\ tlu‘ riwohin^ blades, and at the same tinu* 
it IS mo\’('d lorward until s(M/('d b\ thesiM'ew and [uished thiou^h iIkmIkm 
S uic(' this m\ oh'i's consid(M'abl(‘ pow(M . it N'shIIs hi a mai k(‘d compiession 
of 1 h(' cla\ , and lliiM’e is also soiiu' friction b(‘lw('(Mi the sides of llu' bai 
and lh(' witiM’ior ol tin' dua caiisini; th(“ cimiIim ol the striaim ol clay to 
mo\(‘ last(M' than the out(M portion. Iaci'smxc' fiaiMion b(‘lw('(Mi di(‘ 
surface' and clay is hkel\ to caiisi' thi' latter to t('ar on tlu' ed^es, 
pioducm^ sc'rrations liki' tlii' l('('th of a 'aw 'I’lie ('ll('cl of tlw' sckw at 
tlu' end of the shaft. |o,i;('th('r w it h th(' difleieiil lal vi'locil K's within 1 he 
stri'iunof cla\ , also produce's a lamniate'd struct ur(' in t lu' brick, w Inch is 
ofti'ii ^r('at('st 111 hi,uhly plastic cla^s. but is soiik'Ihik's maiki'd in clavs ol 
onlv moderate' |)lasticit\' when mae-lniies ol a jiartie'ular structure' are' 
US('< 1 . 

Thu brick inaele m aiiye'r machiiK'S are e'lthe'r ('iiel-cul eir side' cut, 
depe'tiefin,*; on whe'tlu'r the' aie'a ol the' e-ieess .''e'cl lenis eif the' bar eif e-lay 
coi le-spoliels to the' eiiel eir siele' eif a brie-k, aiiel ceHise-ejiie'iitl}- the' meiulh 
of the' die' \aiie'S in si/e' and shape*. The* ar.,i>('r mai'hnie' is probably use'll 
mote e'\te'iist\ely at the pre'.M'iit elay than eithe'r the* seift-mud or iliy- 
pre'ss iiiae-hnu'. e'Siie'e'ially for makm.ii iiaviii^ biie-k. It has a lar<»(' 
<-apacit\ and can pioeluce to.OOO or e'se'ii liO.OOO buck in te'ii heiurs. the* 
eiutput of the* mae-hiiK' be'iny seiiiu'timi's n.e-rease'el by the* u.'^e* ot double or 
eve'll triple elie'S, theiuirh tins is not a eh'siiable prae-tice*. 

\s the bar of clay issue's from the* niae*hine it is re'ceive'el on the ciittin^- 
ialle, wheie it is cut up intei bricks. 

’’“^ddie stiff'iiiud process is adapti'il mainly to days of moderate' plas- 
tTty. The stiff-niud brick, like the* soft-mud one's, can be re-])res.s('d, 
many face brick are now made* by tins preice'ss. 
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Dry-press (PL XTII) and semi-dry-press process.— rhis process is 
coiiiiiioiily used tor (lu' j)r()(lu(*tion of Iroiit l)rick, hut in some Stnlcs is 
extensively enij)loye(l even for comnion-l)!-!!*!-: manufacture. The (“lay 
is puwilercd and tlu^n juvs^ed into st(H‘l molds in this nearly drv condi- 
tion. ^ 111 order to prepan' tlu' clay for dismtc'yration, it is usually si ored 

in sheds for sonu' tinu' helon' hi'iny us('d, and is then hrokeii up (“ither 
in a disinl(‘yral or or a dr\ pan Ix'lon' passim; (o thesenmn, which is com- 
monlv irom 12 to IG nu'sli. ddie moldim; nKU'liiiu* consists of a sU'i'l 
fraiiK'^of var\in,i; lu'iyht and heaxinc'ss. with a d('liv('r\’ tahli' ahoiit 3 
f('(‘t al)o\(' lh(‘ yiound, and a pri'ss !)o' sunk into 1 lu' n'ar of it. d’he 
charyi'r is coniu'cli'd with llu' clay hoppi'r hy means of a canvas tub(', 
and forms a Iranu'woik whudi slidi's hack and forth ovei' the molds. 
It Is lilh'd on llu' ha(*kwaid stroke', and on its forward stroke' h'ts the 
clay fall into the' mold ho\. \s the' (diarj;('i re'ce'de'S to he' re'lille'd, a, 
plunye'r desce'uds. pressim; the' clav into the' mold, hut at the' same' lime 
the' hottom of the' mold, which is movahle', rise's sliyhth, and the’ cla\ 
IS siihje'cte'd to .yre'at pre's^un’. which ma_\ he' icpcaleel afte'i ;i moment’s 
inte'rval. d’tu' jelunye'i' t he'll Use's, while' the' hottom ol the' mold also 
asci'iids. with the' tre'shh' molde'd hiicks, to a h'Xe'l with the d(’li\ci\- 
lahle'. d’h('s(' are' t he'll piislu'd forwaid h\ the' (‘liarye'r as it aehance's to 
re'lill the* molds 

Idle' face's of the' mold are' of hard ste’e’l and he'ate'd 1)\“ steam to 
preve’iit adhe’re’nce' of the* cla>'. \ii-hol('s are' also made' m the' die's to 
])('rmit the’ air, which he'comes imprisoiK'd he'twe'e'ii the' clay particle's, 
to (’sc:i])('. If this we'i’e' not done', the' air m the' clay would he' com- 
pressed. and wlie’ii the' pre'ssurc was le'le'ase'd, its (’Xpaiision would 
te'iid to split the' hrick. At. se've'fal localitu's in the' I'mte'd State's an 
hydraulic dix-jire’ss machine’ is used, in which the' ;;raduall\ a[)pli('d 
pressure' is prodiice'd hy a jiair of hydraulic rams actiiiy liotii' above' 
and he'low. 

'Ihe' ad\ aiita.ae's claime'd for the drv-pre'ss proce'ss are' that m one 
operation it produe'e's a ierick with sharp c(l,t;cs and smooth faces. Air- 
dryiny is (’rmiinate'd, liut there is still considerahlc moisture to ho 
driven off in the' kiln during the earlv stage's of hurning. When 
hard-hurned, dry-pres.scd bricks are' as strong as otlie'rs, hut on ace’ount 
of the method of ineddiiig they often show^ a .granular striu'ture'. 

The capacity of a dry-jiress machine is about the same as that, of a 
soft-mud one, jirovided six bricks arc molded at a time', d'wo- and 
four-mold mae-hiiies are, however, also made. The initial cost of »he 

^ The clay usually has 12 or 15 per cent moisture, so that the term dry-pii sa 
is somewhat misleading. 
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niacliiiiorv is r<)nsi(leral)l(‘, altliou^li fiiis may 1)0 more than off.sc'L by 
savmy in dr\’in^. 

^ Re-pressing. Many soft-mud and stifT-mud luacdv tli.at are to be 
is('d for fronts are improv*^! in apjiearama' and exam in deii'^itx’ ’ Itv 
:'('-pr(‘^Mng, an opi'ralion wlueli smorttliens tlie siirfaee and sti'aiyliteiia 
and s!uu‘{)ens tlnx'dges of tlie product, as well as sonietmu'^ increasing 
the strength.^ A re-pressing machine is shown in I'l. Xl\', Fig. 1 . 

The chang(' in \olume that occuiv in a buck in le-pK'ssina <'an be 
seen from tlie lollowmg iiH'asUK'ment.s of a pa\ mg-bi ick 

Ih'foK' I ('-pri'Nsiny. S* h\ !;{ b\ hi, m('li(‘.s. IMI^ cubic inches. 
Atti-r !(‘-piesMng, N!', b\ 4^ b\ mche>, I()!)| cubic mclie" 


Drying 

Itiicks niad(‘ Iw (ather llu* ^tllf-mud oi >oft-niud j)roc(“'s ha\e to bi' 
fri'eil iioiii moat of then walei oi tenipeimy Ix'Iok* iIkw can be biiitied 
Open yards, Tlie.se ao' iix'd at most soft mud bi i(‘k-p]ant''. and 
aie simplx' smooth Hat (loois ol earth or buck, on whi<4i tla* bucks are 
diimpi'd as soon as nioldi'd, and allowed to <h\ m the ^iin \t soiik’ 
X'atds the dixma-lloor is paitlx c(*\('i(‘d 

Pallet driers. 4'he-'(' aie co\(‘t('d tiaiiH's fot holding the boaids or 
“ p.dk'ts ” on w Inch tin* bi ick'- ai(' (lum|)('(| fioiii the mold at the machine. 
Tlu'V aie u^(‘(l at main soft-mud \aids and exmi some still-niud plants, 
and possess tlu' adx'antagi' of clic'aptK's,-,. laige capacitv, (Mamonn ot 
sjiacig a>d pioli'ction against lain 

One disadx aiitagi' of thi‘ aboxi' method i> that llu' duels can not b(‘ 
Us(m1 111 cold wi'alhm'. Dampness m siiimner max abo intmicK' with 
tlumi, and theiefoK* sunlight and wind ;iie usuallx’ iIk' most taxorable 
wi'alhei' (oiidilions Soni(‘ claxs ai(“ (piite sUsceplible to air-cumait 
)iow('\('r. and crai'k laasilx wlimi inposed to tluan 

Drying-tunnels. Manx l)i ickm.ikeis drx thmi product b\ this 
im'fliod. especiallx if th(W ('ontmiK' in opeiation thioiighout th(‘ ximr 
With tills s\st(‘ni tin* bricks, altta molding. ar(> jnk'd on cam. which 
ni(‘ mil into an ailiticially lii'ated tunnel (Ihg. Id) Siweial of iIicm' 
tunnels ao' geiierallx constiUctiMl ^ide l)x sidm and the giecm l)iick.-. aie 
mil in at the coolm end. and pushed along slowlx’ to the wariiim- end. 
whmv llu'X ail' lemoved, this pass;inr through tiu' tunnel Kapmnig 
(•(mnnonix' from 24 to IS houis 4’h(‘ tnniK'l diiers iisial at <iilfeimit 
M-alities differ clued v in the mannei m which i law are lU'alc'd. tlu' 

flllowing methods being emploxed 

I IX. .1 (icol Surxm VI, p ‘X)(k 101)1 It should he cinidiasized that rc-])rcs.,ing 
jfrj'j not iiiciease tlie eruslung slrenglli iii (‘\cry c.tse. 



I'lG. 4.>. — luiiiiels for drying: l>rick- and other .structural clay product.^. 
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^ 1. Parallel Hues undeiueath aiul lu'ated l»y rire[)]aees ai oiu' ('ud. 

Py ht('atn lieat, tlu‘ pipes beini; laid <mi tlu' fl(U)r or >id(‘s uf (1 h' liiimel 
or l)()tli. d. Py hot ail’, the latter hiaiisi; supplied ii'oiii e<toiina- hilns, 
or by passiii”' tlu' outer air over .steam coiK bcfoo' il i.s di'awii lliroiiyli 
the (uimel bv natural draft or fan. II the an is too hot. cooler air is 
mixed with it .b('for(‘ it (Mitias tlu' dru'r 'Tlu' tempeiatuix' to which 
tunnels ar(' healcal varii's, and m most casiN is not o\(M 120 ’ (' (2bt)'’ F ), 

Floor driers. Moor dtuasaK' useil at some buck woiks, althoiiah 
their application is mor<‘ ('Xtimdi'd at Ine-lnick woiks 'I’luw aie made 
of briek, and ha\(‘ llu("< passing umkanealh then eiitiie leiiiilTi, fioin 
llu' (ir('plac(' at otu' end to th(' chinine\ at the olhei' Such lloois ai'e 
cluaip to coiistiuct. but tlu‘ disliibuiion ol the luait under them is latlu'r 
iin('(|ual, and a laiae amount ol labot is reijuiied to handle the nialeiial 
■Hiied on IIkmii 

In some cases dr\ iny-iacks aie set up on tlu' lop ot tlu* kiln. 

Burning 

Kilns.- Pn cks ar(‘ buitu'd m a \aiielv of kilns, laiiamii, irom teinpo- 
i'ar\ st riicl uri's. which an' l< in down allei (‘ach lot ol biick !> binned 
{PI. \IV, Fiii 2) , to pati'iiled or ol liei pi'imaiienl loi nis of c(ini|ilicale(l 
d(‘si2.n. Ph('\ are built on one of t wo pi iiicipk's. (at hei up-diall oi down- 
draft. In th(‘ loriiK'i the luxat fiom the liie-bo\(‘s at iIk' bottom pa-os 
dnvctly into the bod\ of iIk' kiln and up thioinrh the wares, ('scaping 
from suitabk' chimneys oi o])('iinigs at du' lop In tlu' latter the heal, 
from tl^^‘ fir('-bo\('s is condiicteil hist to lh(' to]) of llu' kiln chanibi'i. by 
means ol suitable' Hik's on thi' mteiior wall, and then down thioiigh the 
svan's lu'ing carried off through Hues ni th(' bolloni of IIh* kiln to the 
stack (PI -W’, Fig. 2) Phe down-<hafl .s\st('m is glowing m ia\or, 
as the burning can be U'gulali'd beilei. I'ui thi'i mot(', siiici' iIk' biick.s 
at th(' to]) iee('i\{' th(' gieati'st heat, and these at I he bottom the k'.'ist, 
there is h'.ss dange'r of the bricks m iIk' lowei couio's being crushed out 
of siia[)e if heatc'd loo high. 

Idle amount of lu'at ivciuned for binning buck will \ai\ with the 
elay and the color, density or degree of hardiK'ss desiivd. th(' same 
elay gi\ing difh'ri'iit rc'sults wIk'Ii bunu'd at dilh'ri'iit t(‘mp(‘iat uk'S. 
('omnion bricks are raivlv lainu'd am higlier than cone ()."), and usually 
not abo\e cone 010, whik' pivssed buck aiv fieeiuently limd to com' 
7 or S, becau.se the clays generally used ha\(' to be burned to that point 

vender tlu'iii hard. 

] Up-draft kilns. The sinijilest lyp(' of kiln with .dsing draft is known 
L the “scove-kihr' (Pk XIV, Fig 2, and PI. XV, Fig. 1), which is in 
^u.se at many yards making common brick, and is of a t('mpora'.y eharaeter. 
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The hi'icks are set in lar 2 :e ro(*taiij!;iilar blocks from TS to 54 coiirso^^ 
hi^^h, (lopeiidiii”; on (he kind of clay. In hnildin^:; up the mass a series 
of parallel arches is left rumiiii”; (liroui;h the mass from side to side', and 
with llK'ir centers about (wo fec'l ajiart. After the bricks are set u}) iIk'v 
ar(‘ surrounded by a wall two courM's d(‘ep of “double-coal" brick, and 
the whol(‘ outside of the mass daubed with wc't clay' to prexamt tlu; 
entrance of cold air duiins!; bumma,. d’lu' lop of lh(‘ kiln is then c!os('d 
by a lay(*r of bricks laid cIo.nc (oyether and termed th(' plattin,^. I\ilns 
of (his (\’p(' involve' litth' cost (‘\c('pt tlu' labor of buildiiii!; TIk'v ari', 
howe\ei‘, adapte<l only to common brick, and are not capable of bi'ini; 
heatf'd to a hioh ((‘inpe'ratuie. 

Th(' so-calh'd Dutch kilns are a, sliirht improvement over thesco\('- 
kilns, since' thev have' permanent side' walls, and so VK'hl somewhat 
be'tte'f re'sults, for (he'\ he'at uj) be'tte'r and admit less e’old an 

.M.aiiy common biii-k and ne*;iilv all fremt brick, heiwe've'r, are- biirne'd 
in kilns that are' walk'd and rooteel, with a door at e'ach e'lid for lilliny; 
and e'lnptyin,*!; The-v are', the're'fore'. far more' re'liabk', e-ajiabk' of be'Uei' 
re'.ii,iila(ion, attain hiyhe'r (e'mpe*rat ure's, and are' both up-draft and down- 
draft. The' fiie-l Use'd is smie'time.-s wood, but mostly e-oal, n(.e( a le-w' 
inaiiufactuie'rs e-mployiny anthracite' in pait. With coal, the' fuel is 
soiiie'tinie's jilace'd on yrate'-bar.s or em the' (htor of the* he-arth. In plan 
(he\' are e-ither le'ctan.yiilai’ or e-iiciilai. The bricks aie set in much (he 
same' way as in the' othe'i's. 

Down-eiraft kilns.- In tlu'se' the' he-at from (he lire's is e-ondiicte'd 
tirst to the' top of (he kiln e-hambi'r b\ me'aiis of suitable- Ihu's >011 the' 
imu'r wall of the' kiln, aiiel the'ii eleiwii thremyh the- ware-, be-itiy e-arrie'd 
eilT tiireiUf’h thie-s in the' beitteim eif the- kiln (ei the- stae-k. With this 
s\ste'ni the' burning e-an be- re'^ulafe-el be-tte-r, anel the-re- is k'ss loss from 
crae-ke'd and o\e'rbui ne-el brie-k. burt he'rmeire', sine-e' the- brie-ks at the' 
teep re'ce'iM' the' .yre'ati'st hi'at, aiiel those' at the' botteim (he k'ast, thi're' 
is k'.ss elanye'i’ of the' bricks in the' lowe-r e-ourse-s be'inj; e-rushe'il out eif 
sliape'. Deiwn-eliaft. kilns are' e'ltlu'r e-ire-ular or re'e-tanuular in feirni. 
The' latter, whie-h ha\e' lire'ate'r e-apae-itv aiiel are' more' e'e-emeiniie-al e)f 
space', are' employe'll e-einimetnly for burning brie-k. while' the' fea’tiie-r are 
j)re-ferre'el for drain tik', sewe'r pipe', or steine'ware. 

There' are a numbe'i- eif eliflerent t \ pe'S eif ek/Wn-draft kilns, whie-h difler 
in (he- ai’ranye'ine'iit anel strue-ture of the' Hue's, arran_<i;e'me‘nt of the' (in'- 

. A 

Continuous kilns (PI. X\’I, k'iy. 2).- The'se' were* originally ele'siyni'y 
te) utilize the waste heat freiiii burnini!;. Many type's have appe'are'eli 
vSOiiK' eif which are jiate'Ute'el, but (he jirme-ipk' eif all is the' same', lly 
eeinsists esse'iitially in liaMiiy a .se'iies ef e*hanibe'?’S arranye'el in a lme',\ 



I’l.ATK XIV 



Kh:. 1. .? slr.:uri-|)„w.T rc-pivss. Tl.c Kii. ks tl,.. Im-K :nv l.rint; l,rou(;lil |n„H 

tli(‘ s(ilT-mu(l inacliiiu'. (IMioh. \>y If. |{iVs.) 



Fill. \ J, p. 210, 1000.; 
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circle, or oval, and conmaMcd with each other and also ui(h a Ci-ntral 
stack Ijv means of Hiies. Il'ich chamln'r holds about ‘JlbOOl) bricks In 
start>i,i; llu' kiln, a cli.-milier full of l)r]ck^ is tirst hied bv mi'aiis of (Aleiior 
tire boxes, and while' the watcr-Miioki' or steam is jiassuar olf tlu* xapois 
are condiictcMl to the' stack, Init as soon as this cea^'C's tlu* heat from tlu' 
chanilx'r first twed is conducted through sewcial otlna- cliambcr- alu'ad 
of it, betore if linally passes to the stack In tlii'- nianiK'i (he wa^li' 
heat from any chamber is used to lu'at the othet- When an\ oiu* 
compartment Ix'conu'S red hot, fui 1 in tlii* foim of co.al ■^kack i'> addetl 
through small openings in tlii' roof, which are kept coxered 1)\ iron 
caps. 

As soon as one (‘hambi'r has leaclu'd it" niaximuiii fempe'ial me, the 
next tw'o or threi' ahead of it au' beinii, heate(l up, wink' thoM' behind it, 
are coolin.a down. A wave' of imixiimim lemperat me i-^ ihe'reloie con- 
tinuallx passing aioiind thi' kiln ll is thus po.sv|l)l(. i(, [,(. burimiy 
lii’K'k 111 ('('rfaiii chamlx'rs. tilling oflii'is, .and emptxiny still oiheis. all 
at the same time', makmi; tlii' proci'ss a coiilmuous oiu'. ( 'out inmnis 
kilns are {'mploxial in many stati's for buiimiy common brick with 
considerable succi'ss. 


Sewer-pipe Manufacture 

Whik' SOUK' works usi* a soft clax' for si'wei-pipi', the lai’L^i'st factories 
in the United Stati's, nanu'lx , thosi' loeati'd in()hio, iiin chiellv nii shale, 
to xvhifh a c('rtain amount of n'fiaclorx clax' is so 'KtiiiK's a'kk'd. 'I he 
mati'i’ial therefore re<iuir('s ('rushing beloii' femperina. Ury jiaiis (p. 
2.) 1) are iisi'd for this {)urpose. The ^round-cI;ix' is then screi'iii'd and 
mixed in pug-mills (p. 2()l),x\'ot [la.iis (p. 2()l), or chaser-mills (p. .MOM). 

S('\x'erM)ipcs are mad(‘ in a special form of jm ss (kias lb and 17, and 
Id. XVII, Fig. 1) consisting of two cx linders. connecti'd wilh;i continuous 
piston and jilaced oiu' aboxi' tlu' oflu'r. d hi' upper is tlu' sti'ain and the 
lower the clay cylinder, ddie si/e latio of tlu'se two cxlmdcrs x:iiies 
from 1 : 2 to I : d.’ “Tlu' piston is piopidled by tlu' admission of sti'am 
to the uiipi'r cylinder, gi\ing it a downward movi'nu'iit which pie-ses 
the clay through a, die at the bottom of the loxxi'r cxlinder. M'Ik' actnui 
i^ tlu'ii intermittent, the jiiston ri'ci'ding when it has rc'ached its li'iigth 
of stroke and a .suiiply of clay is needed. 

“The clay previously prepao'd and in jilastic condition is brought 
so tlie jiress on a mox ing Ix'lt. i'lach t inu' th(‘ piston recedi's, the cylindiT 

' Jtcyer and W ilhams, la Cc..] Sn[\.. \I\,i). LMl, lUUl. 
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is filled ^vith elny by throwin.i^ this l)(‘lt, into motion, d'hc die which 
forms the pipe (‘onsists of a eeiitr.-d bell or core nod outer d'e, the 
space; between! the; core and die' eletermiiiino; the' thickness e)f the \ all of 
the {)ipc. iW e*haii»ln»; the die's the varieeiis si/es of sewer-pipe; 



made. It has lee'e'ii found of advantage to ha\e the* bMie'. eir the e\s~ 
taiice thienii^h which tiie clay must trave'l be'twe'e'ii the die's, ceaiija-e'SM d 
te) its maximum thickiu'ss, epiite leiii”. .1. K. Minter^ recomme'nd,-^ 
an issue of neit le'ss than thre'e' inclu's lor elie's smaller than ei< 2 :ht ine-hes 

‘ Jinck, Will, Xn. 1, p IS. 
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Kr<i. l.-^Intori(,r viou- <,r .ircul.u' (lou„-,irMf( kil.,. KuumI ),y 


H<)l)i!is()n 



t'w. 2.— Uaipht coutinuou.s kiln. (Aflor H. Rios, N. State Mus. Bull 35 

n. 07i), 1900.) 
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J |mIow four inches for dies over eight inches in diameter. The 
recommendation is that where the issue is short, blebs 
ll^risoned in the clay will remain and are apt to form blisters 
e pipes, while with a long issue the air will back upwards through 



Fig. 47. — Front elevation of a sewer-pipe press. 


tybose clay and escape in the direction of least resistance rather than 
jfeain in the clay.’’ 

f B^neatb the die is the pipe-table which receives the pipe as it issu^ 
from the cylinder. The table is supported by a vertical rod which is 
kept in perfect alignment with the center of the cylinder. The taUle 
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is raised and lowered by weights which may be so adjustfi as to 
counter-balance. After the pipe is forced out the desired length it is 
cut by hand, by wire, or automatically by means of a poweA^^tter, 
the last consisting of a knife edge in the lower part of the cylinder,';,' 
extending down through core, which is thrust out and given a circular 
motion that severs the pipe when the cutting mechanism is thrown into 
gear. The length of stroke of the piston and therefore the maximum 
length of the pipe is about four feet. The diameter of the pipes ranges 
from three or four inches to three feet. 

Special shapes, such as traps, sockets, and elbows, are usually made 
by hand in plaster molds, and require careful drying. At times Y 
shapes are made by cutting one straight piece on the slant and joining 
it onto a pipe with wet clay. T's are made in a similar manner.^ 

Sewer-pipes are dried on floors, heated by steam-pipes, and burned 
in down-draft kilns. For burning they are stood cn end and salt-glazed. 

All defects, such as iron spots, blisters, imperfect glazing, or warp- 
ing, cause the product to be placed among seconds. 

Drain-tile 

Drain-tile are made in several styles as follows: 

Horseshoe- tile, of horseshoe-shaped cross-section. 

Sole-tile, cylindrical with a flat base. 

Pipe-tile, with cylindrical cross-section. 

For the making of drain-tile the clay should be thoroughly tempered 
before molding, this being commonly done in a pug-mill (p. 261). Mold- 
ing is usually done in some form of stiff-mud machine, the cylinder 
of clay as it issues from the die being cut up into the desired lengths. 
Drying is commonly done on pal let- racks (p. 269), such as are used for 
common bricks, or it may also be done in tunnels. The burning, which 
is usually done at a low temperature, presents no special difficulties, 
and is done in a variety of kilns, the tile being often burned with com- 
mon brick. 

Hollow Ware for Structural Work 

Under this heading are included fireproofing, terra-cotta lumber 
hollow blocks and hollow bricks. These are all hollow (PI. Xy^i, 
Fig. 2), being molded through a stiff-mud die and may contain i.ne 
or more cross webs or partitions to give them strefigth. Fireproofir^^ 

* Traps and bends can also be made on press by use of special dies having a 
dide by which flow of clay from one side to another is regulated. This worksv 
well with a plastic clay. 
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is the jlrm applied to those forms used in the construction of floor- 
arches/partitions, and wall-furring for columns, girders, and other 
purmMfes in fireproof buildings. Terra-cotta lumber is a form of fire- 
proofing that is soft and porous, owing to the addition of a large per- 
centage of sawdust to the clay. The former burns off in the kiln, thus 
leaving the material so soft and porous that nails can be driven into 
it. It is used chiefly for partitions. Hollow blocks are used for exterior 
walls, in both fireproof and non-fireproof buildings. They are of rec- 
tangular outline. Hollow brick are like hollow blocks in form, but no 
larger than ordinary building-bricks. 

A number of different shapes and sizes of fireproofing are made, 
and while the majority of them agree in being 12 inches long the other 
two dimensions may vary. Thus of the blocks which are 12 inches 
long, the other dimensions may be 6 by 3 in., 6 by 4 in., 6 by 5 in., 
6 by 6 in., 6 by 7 in., etc., or perhaps 3 by 8 in., or 3 by 12 in., etc. A 
large number of the fireproof shapes made are for floor-arches, and in 
such cases the architect commonly specifies the depth of the arch, while 
the width of the blocks is governed by the width of the span. The 
weight of the arch will depend on its depth. 


Thus, 6-inch floor-arches wei 


igh about 25 poii 
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The cost of fireproofing is commonly figured by the ton. 

Hollow blocks are usually made in 8-inch lengths, but vary in their 
other dimensions, being 4 by 16 in., 6 by 16 in., 8 by 16 in., 10 by 16 in., 
12 by 16 in., etc. They are used quite extensively in the Central States, 
Wt not so much in the Eastern ones. Hollow blocks are made with 
jfjier smooth, corrugated, or ornamental surfaces, 
r Sizes 8 by 4 by 16 in. are sold for about $0.07 each, and 8 by 8 by 16 in. 
at $0.10 each.. Hollow bricks are often used for the interior course 
^ of exterior walls, and the plaster can l)e laid directly on them with- 
out the use of lathing. 
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In some States shales are used for making hollow ware, (ifhile in 
others plastic clays are employed. Calcareous clays are undlipirable 
as being unsuited to the production of a vitrified ware. 

■ The clays used for making fireproofing have been referred to on 

p. 227. 

Manufacture.— The method of preparation used for making hol- 
low blocks or fireproofing is essentially the same as that employed 
in the manufacture of stiff-mud bricks. Shales are sometimes first 
ground in a dry pan (p. 254) or disintegrator (p. 254) and then screened, 
followed by mixing in a pug-mill (p. 261), or a wet pan (p. 261) may do 
the combined work of crushing and tempering. Molding is done in a 
etiff-mud machine (p. 265), care being necessary to have the clay suffi- 
ciently plastic to permit its flowing freely from the die and prevent 
tearing on the corners or edges. 

The die is of a special type, which emits a hollow tube with cross- 
partitions, and the cutting-table is likewise sometimes of a specialized 
type, so designed that as the brick reaches the end of the table it is 
turned to an upright position to facilitate handling. 

Hollow blocks and fireproofing are dried on racks (p. 269) in tunnel- 
driers (p, 269), or even on heated floors, the last being the method most 
commonly used. 

When hot floors are used they are heated by steam-pipes passing 
under them or wound the walls of the drying-room. 

In burning ^ny of these shapes they are stood on end, and the 
smaller ones are sometimes burned in the same kilns with byick. 

Williams^ gives the following advantages for hollow blocks! 

Lightness.— Sufficient strength, to insure a large factor of safe v 
in any common building construction Amount of clay required fron 
one third to one half that necessary for solid brick. Smaller expense 
of transportation due to decreased weight of product. Full protection 
against dampness and temperature. Possibility of terra-cotta decora- 
tion on exterior of block.^ 

Conduits 

Manufacture. — Conduits form a line of clay-products, the use of 
which has greatly increased in the last few years. These are hollov' 
blocks of varying length, having sometimes several cross-partitjio. ^ 
and rounded edges, and are used as pipes for electrical cables and wiret"^ 

» la. Geol. Surv., XIV, p. 213. 

* See B. G. Durant. Hollow Building-blocka. Published by American Clay- 
forking Machinery Co„ Bucyrus, 0. (No date.) 



PLATK XVII 



Fro. 1. Molding 30-inch sewcr-pipo in pipe-press. (Photo loaned by Pobinson 
• Clay-produet Co.) 



i'lG. 2.— Some forms of fireproofing made Iiy .sfilT-mud machine. (Photo bv 
C. M. Doyle in N. Y. State Mu.seimi, Bull. 3.5, p. 77,5, loot),) 
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below round. On (his aecouiit llu‘v have to 1)0 hard-hurned with 
den^ body, and are ^al(-^la/<'d. 

The clays ux'd an* .similar (o tho.sf' em|)lo\ed for inakin,!: fireproofinu:, 
althou^di (hey are .'Somewhat more carefully seh'cti'd with regard (o 
pi^^ticit}' ^ind fre('(lom from p\iit(‘ an<l hmomte lumps, d'hoy must 
als() Imrn ('reiiH' at a mod(‘ral(‘ (emj)erature. 

The clays are pn'panal m (‘.smmU i.ally lla* s;nn<“ mamu'r as h)r hol- 
low blocks, and are mohh'd m aiiju'r still-mud machines, d'hey aie 
then r(Miio\(‘d from tli(‘ cuttin^-tabh^ on a palhu and plac(‘d on stand, 
where tlie ends aii' trinime<l smooth before' (he piece's .are* laki'ii (ei the' 
dryiny;-llo()r or dr\ m^-t mined. In dr\mLi. (he* e'onduits are* stood on 
('iid. The' luirnin^ is e'emmieenlx elone' in <lo\\ n-<lraft kilns, be'lwe'em 
cones S and b, altliouiih .some' maimfact ure'Cs burn lowe'r than this. 'I'lu' 
a\('ra^n* shrill ka<i:e' t hat take's pl.ace* in a loni: e-ondnit is about as follows:' 
fietmth, fre'shly molde'd, .dd niche's, le'iiiilh, air-elne'd, .d7l me'he's; le'Ufith, 
biirne'd, d.') inclu's 

ddie'i’e' has been a <;r(*at de'mand for e'ondmts m many citie'S dur'u\^ 
the* last f('\\ ye'ars. man\ be'iii^ Use'd m N('\\ York ('ity es\H‘ciul\\ . uv 
the con:<it ruction of the* ra]ud-lrausil subway, and seune lar^e \)\anfft 
are run almosti e*\cUisivt'\y on t\i\s fuu* of weu'k. 

('oiidults are also occasionally made at the lireproohm^ fivctories. 


Fire-brick 

]\Io^t fire-brick makers empleiy a mixture of several j^rados of clay, 
to A^ich there i.s added a certain pere'enta<»c of j>;round fire-brick or 
^'M\\ coarse quartz. These ingredients are sometimes ground in a 
pan (p. 254) or disintegrator (p. 251), then screened, and tempered 
^in a pug-rnill (p. 201). At some plants a wet pun (p. 261) combines the 
crushing and temptiring (.)j)oration. Whore soft clays e.xclu.sivcly are 
u.scd, the tempering is occasionally done in a ring-pit (p. 2(31). 

Fire-bricks were originally molded entirely by hand, and some 
manufacturers still cling to this method, but many now employ the 
soft- mud (p. 261) or stiff-mud machine (p. 265). In allthe.se methods 
the b ick requires re-prc.ssing after it has been drying for a few hours. 
^ few works manufacture dry-jn-ess (p. 266) brick, and for some pur- 
ipses the.se may be desirable, but they are not regarded as altogetlier 
r '.atisfactory. Drying is generally done on brick floors, heated by flues 
passing underneath them, but some manufacturers prefer drying-tun- 
nels (p. 269). 


' N. J. Geol. ISurv., Final Rept^ VI, p. 281, 1904. 



Most fire-brick makers burn their brick in down-draft kilns, but 
there is a remarkable difference in the temperature reached, ih\e in 
the United States ran^^in^^ from cones 5 to 14. 

Fire-bricks arc made in many different shapes, and vary greatly 
in their density, hardness, and texture, accordin*’; to the condit’ons under 
which they are to be used. For abrasive resistance they ix... I/v liartT^ 
to resist corrosion they must be dense, while, for resistance to hi<;h heats 
and changes of temperature, porosity and coarseness are of importance. 
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^uinlu'i itf AiKiljMs 

Fin. 4S. — (Iniphic represi'ntalion of composition and fusibility of .some domestic 
liro-hrick. (After Weber.) 

The influence of texture and composition on refractoriness has Ih'^ 
well set forth liy the experiments by Weber,^ which are gniphicidfy 
illustrated in Fig. 4N. •> 

From these tests lie concluded that the refractoriness of a fire-brick 
depends on the tottd (plant ity of fluxes present, the silica percentage, 
and the coar.sene.'^s of grain. 

‘ Tran.s. Amcr. In.st. .Min. Kng., xSopt., ltK)4. 
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Roofing-tile 


'Although used for many veal's abroad, tlio manufacture of roofing- 
tile has not been very extensively developed in the United State's, but 
its growth in the last decade is nevertlu'h'xs gratifying. 

^^Roofilg-tile are made in tlu' following shapes: 

ryfnrigTf^c, w liich are perfectly flat, and laid on the roof in the same 
manner as slate'.- 

l^otiKUi, MI'<s(on or Mexican Tile are of semi-circular cross section, 
and laid with tlie concave and convex side ui> alternately, so yiat one 
straddles two others. 

Sj)a)ii^h idc, of flattened S-shaped section. 

luUrlacUacj (ilc with grooves and ridges which fit into each othc'r, 
thus locking the tlle^ logc'tlu'r. 

The cru-ihing and pri'paration of the clay is done by methods which 
arc in genei'al similai’ to thoM‘ (‘inployed for prc'ssed ])rick manufacture, 
])ut th(‘ grinding and jirejiai'ation of the clay is more i'arefully doin'. 

Shingle, l\li^>ion and Spanish tile can be mad(' by forcing a ribbon of 
clay from an auger machiin', but interlocking tile ari' nianufa<*tur(’d by 
re-pres^ing slabs of the ti'iiipi'red clay in a special form of machine, 
(PI. Will, Fig. 1.) 

Tin; tiI('^ aie then carefully dried and burm'd. Jf the sc'tting of the 
tile in the kiln and the burning are not jiroperly doin'. there is liability 
of loss from warping, cracking and checking. Poofing tilc's vary in their 
hardness and ilensitv, very h'w bi'ing vitrified. A .softer burnt'd tile 
costyfi'ss to manufacture, and is a better non-conductor of heat, as well 
as .')ro\ iding a cooler roof. Owing to our mori' si'vere American winfi'is 
|f\merican tile should 1)C fairly well burned and show^ good frost ri'sist- 
aiice. Tlieir abM)ij)1ion ranges from 1 to2P ; after 21 hours immersion. ^ 
but this is no indication of their frost resistance. 


Terra-cotta 

The term terra-cotta is applied to tho.se clay-product.s used for struc- 
tural decorative work, ami which cannot be formed by rmmhinery. 
They are therefore to ))C molded by hand. The requisite qualities of 
terra-cotta clays have been referred to on ]>. 216. Mo.st factories use 
|liot only a mixture of several clays, but add in a variable quantity of 
grog, i.e., ground fire-brick, terra-cotta, or .sewer-piixj. Tlie object of 
using such a mixture is to produce a body of the proper pla.sticity, 

‘ II. A, VVliceler, Trans. Ainer. Ceram. Soc., VIII, p. 154, 1900. 
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shrinkage, and density after burning, and the color of the body is of 
no great importance, since the color is applied superficially, 

Manufacture.~The manufacture of terra-cotta stands on a much 
higher plane in ceramic technology than it did a few years ago, so that 
the number of colors now made is much greater; and attention has 
also l)ecn directed towards producing effects which closely, imitf.te differ^*' 
ent kinds of building stones, as well as increasing the complexity in 
the designs which can be executed. Indeed, the use of terra-cotta for 
exterior decoration has met with such success that but few modern 
buildinj^ of large size are erected at the present day without the use 
of a large quantity of this product. Architectural fayence, of high 
artistic merit, and consisting of a terra-cotta body covered with matt- 
glaze or bright enamel, is a form of terra-cotta now made by several 
art potteries as well as terra-cotta works. 

In the manufacture of terra-cotta the clay is usually ground first 
in a dry pan ([). 254), having sometimes been previously exposed to 
the weather, partly for the purpose of disintegrating the clay. The 
ground-clays arc often tem{)ered in a wet pan (p. 201), and may then be 
subjected to still further mixing in a pug-mill of either vertical or hori- 
zontal type. The bar of clay as it issues from the pug-mill is cut up 
into lumps which are piled up and kept covered until ready for use. 

Terra-cotta is always formed by hand, cither in plaster molds or 
by modeling. The former method is employed for all simj)le forms, 
but for intricate undercut designs it is ncce.ssary to model the pieces 
free-hand (PI. XVJII, Fig. 2), and every terra-cotta factory has its corps 
of skilled modelers for this purpose. In making a mold it is first pes- 
sary to make a plaster model around which the mold can be cast. SrM 
and simple designs can be molded in one piece, but larger objects o\j 
special shapes have to be formed in several pieces which are joined 
together when set in the building. In filling a plaster mold the tem- 
pered clay is pushed into all the corners and crevices and spread over 
the entire inner suiface of the mold to a depth of about an inch and 
a half, after which the sides are connected by clay walls or partitions 
to strengthen the piece. The mold is then set aside for several hours 
in order to permit the clay to shrink sufficiently to allow of it^ being 
removed from the plaster form. Any rough or uneven edges are then 
usually trimmed off with a knife. 

Terra-cotta is usually dried on steam-heated floors, and this process 
must be carried on slowly and carefully with large pieces. For large 
complex pieces, the drying may even be retarded. After thorough 
air-drying the green ware is taken to the spraying-room, where the 
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Fig. 1. — Roofin^-tilo pross for njoMinjx iritcTlockinj^ tilo. fAffcT TI. I^ios 
X. V. State Mus., IRill. p. VOf), 1000.) 
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Flip which is to form the surface coatin',^ is sprayed on it, thus form- 
ing tliin layer over all the surface, and also being somewhat absorlHMl 
by the body. The slip, which is commonly a mixture of kaolin, ball- 
clay, (juartz, and feldspar (or other (luxes) to which the j)roper color- 
ing ingredients are added, forms an impervious layer on the surface* 
of ihe teiTii-cotta, and also j)roduces the color effect on the ware. It 
is sometimes of such composition as to burn to a dull enami‘1. Full- 
glazed terra cf)tta is but little made in Ihe Fnited States, but (he 
demand for matt-glazed or semi-dull glazed terra-cotta has greatly 
increased in the last two years. This effect was first j)r(Hluc(*d My sand- 
blasting a full-glazed surface, but proved unsatisfactory, and at pre^Mit 
the best plants are covering such ware with a regular mat(-gl.a/e 

Terra-cotta is commonly burned in circular down-draft kilns, whose 
diameter rang('s from 15 to 25fe(‘t,the kilns bi'iiig of (he nmfik' t.Npe. 
That is to say, (Ik'v Imvi* a doubk* wall through which (lu* gas(‘s of com- 
lnl^tion pass, and do not conu' m contact with llx' wan*, which beconu'S 
h(‘at('d by radiation from the walls of thi' nmflle. The dilfi'renl pii'ces 
are set in the kiln surroundi'd b\ a framework of tiles and pipes of lirc'- 
cla>’ (IM. XIX, Fig. 1), so that during (he burning no object has (o bear 
an\' weight otlu'C (liaii it-- own. The total shrinkagi* in dr\ing and 
burning is conmionly alxnit S pm* cimt, and the wan* is never Inirnial 
to ^'itrl^lcat ion. Soiik' t(‘rra-cotta maimfacl mens burn at as low a, 
coiK' as 02, but the majorit\ jirobably ri'ach coiu'S (> or S. 

Floor-tile 

/ 

Under this heading are includial tile of a variety of shapes and colors 
which are usi'd for flooring. On account of the conditions under which 
they are list'd (Ik'V should pos.se.ss suflicieiit h.ardiiess to lesist abrasive 
.action, siilhcieiit D’ansvt'r.st' slrt'iigtli to lesisl knocks, and sutlicii'iit, 
density to prevt'iit excessive' absorption of water. White tili's show 
little or no absorption, but .some of (he other colors .setak up from 1 to 
5 per cent of moisture, or pt'rhaps e\en more'.' 

(Ireat care is neces.sary m tlie .M'lection of raw materials for floor- 
tile as the clavs used must be such that they will not form surface cracks 
after being air-jire.ssed. The clay should al.^o bt' free from any ten- 
fdenev to warp or split in burning and furthermon' tla* manufacturer 
must aim to adjust his mixtures for facing and backing in ca.st' they 
are different. Clays used for Hoor-tile should also be as fn'e from .soluble 
salts as those u.scd for the manufactun* of ])res.sed brick or terra-cotta. 


N. J. Geol. Surv., Fin. Kept., VI, p. 287, 1004. 
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although, as pointed out by Langenbeck^ soluble lime salts may come 
from the coloring materials used. Thus the manganese and umber 
used for chocolates, brown and black, are seldom free from gypsum. 
Purdy 2 has suggested the following classification of floor-tiles: 


f Vitreous 
Face-tile. . . . | 

[ Porous 

i Vitreous 

I'essene j 

[ Fncausl,ic 


} White Colored 

I Clay Colors 
I White Colored 

j Clay Colors 


j Prepared facing body on a 
I common clay backing. 

j Solid bodies formed into 
I geometric shapes. 


Floor-tile when white are commonly made of a mixture of white- 
burning clays, flint, and feldspar. Buff-colored tiles and artificially 
colored ones are usually made from fire-clays, while red tiles arc often 
made from a red-burning clay or shale. A certain amount of flint and 
feldspar is generally added to the clay to regulate the shrinkage or 
degree of vitrification in burning. 

Floor-tiles are always molded by the dry-])ress process in hand- 
power macliines, the raw material being first carefully ground and 
mixed. 

In burning tiles tlu^y are placed in saggers and burned in down-draft 
kilns. 

The face-tiles include the plain or Alhambra 6X6 tile strips of various 
sizes, such as 6X3 and 6X1^ used as body tile, and are most generally 
made with a prepared facing body backed by a common body, the 
latter being ground in a dry pan to a IG-mesh powder. 

In the manufacture of these plain tiles the face of the die is co zered 
to the required tlfickuess with the required facing body and the rest 
of the die filled up with backing clay, after which the pressure is applied. 

For making inlaid tile a brass cell frame of the same depth as the 
facing body is used, and consists of a framework of brass strips arranged 
so as to form the outline of the colors making the pattern. The frame- 
work is placed in the mold and the colored clays sifted into their proper 
divisions. This is done by using a sieve so perforated as (o expose only 
certain cells, and the exposed cells being filled with tlie facing mixture 
of the desired color. This means, of (*ourse, that it is necessary to 
use as many sieves as there are colors in the design. The cell frame 
is then lifted out and the die is filled with a clay backing. 

In making tessene the body is solid, namely, made pntirely froni'^ 


* Chemistry of Pottery, p 

^'Prans. ,\mer. (Vr. Soc., VII. p. 190.'). 
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one body mixture. The vitreous tesserae ^ are porcelains, so com- 
pounded as to develop the greatest toughness or resistance to wear under 
feet that is consistent with the texture of the body and the brilliahcy 
of the colors demanded by the trade. 

Encaustic tesserae tiles have for their base buff- and red-burning 
clays. ' Since the iron in these is mainly present as free oxide, it is im- 
possible to burn such tiles to vitrification without destroying the color* 

Wall-tile ^ 

These are quite different from floor-tile in the character of body and 
style and decoration. The body is made of white-burning clay and is 
not burned to vitrification, but on the contrary is usually just hard 
enough to resist scratching with a knife. It is therefore very porous. 

Wall-tile are molded in dry-press machines and burned first in 
saggers in a biscuit-kiln. They are then glazed and fired in a muffle- 
kiln at a much lower temperature. Many different shades, colors, and 
styles of decoration are now produced. In some cases the decoration 
is applied by a relief design impressed on the surface of the clay during 
molding* in others different colored glazes are used, or a considerable 
variation can be obtained in the shades of one color by varying the 
thickness of the glaze over different parts of the tile. Print-work and.,- 
hand-painting also are employed at times to ornament the ware. 

Pottery 

Classification. — Under the term of pottery there is included a great 
series of products for ornamental or domestic use, ranging from the 
common red earthenware flower-pot to the highly artistic and deli- 
cate porcelain vase. The different kinds may be defined as follows: 

Common earthenware, made from the lower grades of plastic clayt, 
and having a porous body, usually of red but sometimes cream color, 
and as a ^e not glazed. Decoration is given to it by relief designs, 
produced during the molding process, or more rarely by painting on 
glazing. 

Ydiow or Rockingham ware, covering wares made of semi-fire clayi 
Or fire-clays, and having a porous buff-colored body, which is covert 
with a glaze. 

„ - ------------ 

* Purdy, op. elt., p. 101. v 

* If the iwiifaoe of the tile ii to be decorated with modeled emboeemente, the 

b^dy if itoiied op to a plastic condition and fonncd in plaster molds, after whidl 
^ CM b« *|q)lisd. 
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Majolica and Fayem:e.— Both, these terms are rather loosely used, 
but a definition recently suggested by S. G. Burt ^ gives fayence as 
pottery in which the colored clay body is covered with a clear glaze, 
and majolica as pottery in which the colored clay body is concealed 
with an opaque enamel. , 

Stoneware, made of vitrifiable clays, often of semi-refractory char- 
acter, and having a vitrified body, often of bluish color but never white. 
The surface is glazed. 

White ware, including those products having a white or nearly white 
porous "oody, usually covered with a glaze. There are several trade 
varieties of this known as C. C. ware, white granite ware or ironstone 
china, semi-vitreous ware, semi-porcelain, and china. Some of these 
differ at times in name only. Theoretically they differ in the white- 
ness and degree of vitrification of the bodv. 

Porcelain. — The same materials are in general used for porcelain 
as for white-ware, but great care has to be exercised in their selection; 
the proportions are also such as to produce a vitrified and translucent 
body. Porcelain which is fluxed by feldspar is termed spar china, while 
that fluxed by calcined bones is termed bone china. The temperature 
of burning porcelain is often much higher than that of white-ware, 
although some porcelains of more fusilde composition may be fired as 
low as cone 4. 

Belleek, or eggshell-ware, is a porcelain of unusual thinness and deli- 
cacy. Parian-ware is a term applied to white, unglazed porcelain, so- 
called from its resemblance to Parian marble. 

' The technology of the lower grades of pottery is comparatively 
simple, but for the manufacture of white ware or porcelain the success- 
ful completion of the product calls for skill, intelligence, and good mate- 
rials* 

There was a time when whiteware mixtures and glazes of the proper 
quality could be obtained only after long and tedious experimenting 
and the expenditure of much time and money, and while many potters 
are still groping in the dark, the day of this cut-and-try method can 
be said to have passed. Modern ceramic technology has worked wonders 
and a knowledge of it proves invaluable to the progressive potter in 
aiding him to work out the proper combinations of body and glaze. 
It enables him to adjust them if they do not agree, or to find out often 
in a comparatively short time where the trouble lies When failures 
occur. 


' Trans. Amer. Ceram. Soc., VI, p 109, 1904. 
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To take advantage of the facts and principles of ceramic technology 
does not so much require a very profound knowledge of chemistry as 
a good technical training, and the potter who seeks and grasps these 
ceramic principles will advance rapidly, while, on the other hand, he 
who rejects them and carefully guards some elementary facts as imagin- 
ary secrets of great value does himself a positive injury. Freedom 
of discussion has proven an invaluable aid in other technical branches, 
and there is no apparent reason why it should not do the same for the 
Dottery industry. The subject of ceramic technology in Americii has 
5een behind that of Europe for many years, although it is now coming 
orward with rapid strides. 

Manufacture of Pottery 

In making pottery there are certain steps that are common to all 
rades of ware, but the care of preparation and the number of steps 
re increased in the manufacture of the higher grades. 

The different steps may be grouped as follows; 


Preparation 


Tempering 


Molding 


Weathering 

Grinding 

Washing by sedimentation 

Blunging and filter-pressing 

Ball-mills 

Chaser-mills 

Pug-mills 

Hand-wedging 

Wedging-tables 

Throwing 

Jollying or jiggering 

Pressing 

Casting 


Drying 

Biscuit-burning 

Dipping 

Glost-burning 

Decorating 



Preparation 

Weathering and grinding.— ’For the commoner of pottery 
euch as red earthenware and often even for etonewaii, the clay or shak 
are used as they come from the bank or nyne. 

Weathering is sometimes resorted to in order to soften the clay 
and disintegrate it, so that it can be more readily washed, or to facili- 
tate mixing it when washing is omitted. Shales are sometimes crushed 
without being weathered. 

Washing.— For the higher grades, such as white ware and porce- 
lains, the raw clay is washed in order to free it from sand or other heavy 
and coarse impurities. 

Blunging and filter-pressing.—The blunger consists of. a circular 
vat in which there revolves two arms with stirring-rods attached. Inv 
this the clay mixture and water become thoroughly stirred and mixed, 
after which the contents of the blunger are run through a fine screen 
of 100 or 150 meshes to the inch into a cistern, from which it is pumped 
to the filter-press (p. 214 and PI. X, Fig. 2). The pressed clay then 
goes to a pug-mill after which it is further wedged before use. This 
process of preparation is now used by nearly all potteries oP any size, 
except those manufacturing common earthenware. For glazed earthen- 
ware bodies it means simply washing, blunging, screening, and filter-, 
pressing the clay body, but- for white-ware bodies a somewhat more 
elaborate system of treatment is necessary, since these carry kaolin, 
ball-clay, quartz, and feldspar, which must be intimately mixed. 

Ball-mills.— Ball-mills are employed in the preparation of clay in 
the manufacture of some of the finer grades of wares, where fine grinding 
and intimate mixture of ingredients is especially important. They con- 
sist of a hollow cylinder that rotates on a horizontal axle and into which 
the clay to be ground is admitted through an opening at one side or 
end. The machine is charged with the clay and balls (which fill about 
one third of the volume of the cylinder), the latter being of porcelain 
or water-worn Iceland-flint pebbles. The material is pulverized by 
abrasion or rubbing friction between these balls as they are caused 
to move upon each other by the rotation of the cylinder. There are 
two principal types of ball-mills which may be designated as the inter- 
mittent and the continuous. The former are those which are run with 
a given charge until the requisite degree (^ fineness is attained, when 
this is removed and another charge put in. This^eto of apparatus 
may be used to grind either in the dry or wet state, /^he latter or con- 
tinuous class includes the more improved types of bail-milla for turning 
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; ail{ -product of very finely dry-gfound materials. They ai« 

Jo arrange that the raw ingredients are fed in at one end of the rotating 
eyliSoto and gradually work their way towards the other end, becoming 
finer aiM finer until they are discharged in the desired state of com- 
minution^hen the opposite end of the drum is reached. The continu- 
ous baU-raijns in use very little, if at all, in this country, but is rapidly 
"coming hutomapsn Germany. The periodic mill is used to some extent 
by potteries in this country. 

Tempering ^ 

Chaser-mills, which may be regarded as a form of wet pan, are some- 
tiihes used at the stoneware factories. They consist of a circular iron 
{lW]^ja^.’!iich there revolves a frame bearing two narrow iron wheels* 
30 to 36 inches in diameter. As this frame revolves the wheels, by 
means of a gearing, travel aropnd the pan in a spiral path. The clay 
and water are placed in the pan and the action of the wheels grinds 
ajd cuts it up, the tempering taking from one to two hours. The action 
of such a machine is quite thorough, but considerable power is required 
to operate it. Their use has been largely discontinued since the intro- 
duction of the blunger and filter-press. 

Pug-mills and hand-wedging.— The washed clays or mixtures of 
clays as they come from the filter-press are tempered in a vertical or 
horizontal pug-mill, which is similar in its action to that described 
under Brick (p. 261)‘. This is then followed by hand-wedging in order 
bo render the clay perfectly homogeneous and free from aii^bubbles. 
This latter operation consists in taking a large lump of the pugged clay, 
jutting it in two, bringing the two parts together with force, and then 
kneading the reunited lumps, this treatment being repeated a num^ 
yer of times. 

Wedging-tables.— Kneading-tables are used at some factories for 
vorking the clay by machine instead of wedging it by hand. Although 
nuch used abroad, their introduction into this country has been rather 
estricted* The machine consists of a circular table about 6 feet in 
liameter, the upper surface of which slopes outward. On this are two 
oni^ rolls, 20 to 30 inches in diameter and about 8 inches wide. These 
bOs have corrugated rims, and are attached to opposite ends of a hork 
bn^ ^is, having a slight vertical play. The clay is laid on the table, 
^jls the tolls travel around on it the clay is spread out into a broad; 
|indt 'A second axle carries two other pairs of rolls of the same shape' 
Ut nhaSer which travel around in a horizontal plane. Tbeso; 
^ peas the band of clay together again. In this way^ the clay k, 
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subjected to alternating vertical and lateral pressure and all t:’" 3 paees 
are thus closed. The rolls make 10 to 12 revolutions per minute, and 
the machine kneads 2 to 3 charges of 700 pounds per hour. 

Molding 

After the clay has been properly tempered, the <*':At step in the 
process of manufacture is molding. As indicated above, this is done 
in four different ways, the clay having first been thoroughly kneaded, 
usually by hand, in order to insure its complete homogeneity and free- 
dom from all air-bubbles. 

Throwing is done by the potter taking* a lump of clay and placing 
it on a rapidly revolving horizontal disk and gradually working it .up 
into the desired form (PI. XXI). After being turned the object is then'^ 
detached from the wheel by running a thin wire underneath it. Only 
articles with a circular cross-section and thick walls can be formed in 
this manner, since they have to hold their shape under their own weight. 
Throwing represents the earliest methods of the potter, and is much 
used still at small factories, but in the larger ones it has been mostly 
superseded by the next process. 

Jollying or jiggering is a more rapid method than turning, and the 
clay for this purpose is tempered to a softer consistency. The jolly 
is a wheel fitted with a hollow head to receive the plaster mold, 
the interior of which is the same shape as the outside of the object 
to be molded. A lump of clay is placed in the revolving mold and 
shaped into the proper form, first by means of the fingers and lastly 
by means of a template or so-called “shoe” attached to a pull-down 
arm, which is brought down into the mold. Cups, jars, jugs, and the 
larger flower-pots are molded in this manner. A modification of this 
method termed “ pressing ” is used for the smaller sizes of flower-pots. 
This consists of a revolving steel mold, with a steel plunger of the shape 
and size of the interior of the pot. The tempered clay is first put through 
a plunger-machine, from which it issues in the form of columns, which 
are cut up by wires into a number of pieces, each containing just enough 
clay for making a pot of the desired size. These lumps of clay are 
then placed one at a time in the mold, and the latter raised by means 
of a lever, until the plungers fit into it, thus pressing the clay into the 
mold. The bottom of the mold is movable, so that as thcTmold is lowered 
the bottom rises and pushes out the pot. Such machines have a large 
capacity, and are now used at most flower-pot factories.' 

‘ Fire-clay crucibles are sometimes molded by this method. 
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*\ iffctelTBIftion of jollying, used for making plates and saucers, con- 
L having a plaster mold, the surface of which has the same shape 
1 the Wrior or upper surface of the plate to be formed. The potter’s 
assistantVakes a piece of clay of the desired size, and pounds it to a 
flat cake,\&alled a “bat,” which is laid on the mold; he then shapes 
the other or bottom of the plate by pressing a wooden temj)late 
of the proper pfDfile against it as it revolves. 

Pressing.— Ewers and vessels of oval or elliptical section are usu- 
ally made by means of sectional molds, consisting of two or three pieces, 
the inner surface of which conforms to the outer surface of the object 
to be molded. A slab of clay is laid in each section and carefully presseti 
in, the mold put together, and all seams smoothed with a wet sponge. 

for a few hours the parts of the mold are lifted off. 
Clocks, lamps, water-pitchers, and similar articles arc made in this 
manner. 

Casting.— This consists in pouring a clay-slip into a plaster mold 
which absorbs some of the water, and causes a thin layer of the clay 
to adhere to the interior surface of the mold. In order to produce a 
slip withjess water some alkaline salt is added to the mixture. When 
the layer on the inner surface of the mold is sufficiently thick, the mold 
is inverted and the remaining slip is poured out, the mold being removed 
in a few hours. This method is extensively used in making thin por- 
celain ornaments, as well as many white-ware objects. It is also employed 
for making belleek. 

The forming of pottery by casting is much more extensively done in 
Europe than in the United States. 


Drying 

This, of necessity, often has to proceed rather slowly, especially if 
the ware is of complicated shape. The ware is usually dried first in 
an open room, and then removed to the heated green-ware dry-room. 


Subsequent steps 

Up to this point, the method of treatment has been much the same 
except for the blunging of white ware or porcelain mixtures. From 
the drying stage on, the methods of treatment of the different kinds 
of ware diverge somewhat. 

Common red earthenware, such as flower-pots, is usually burned 
at a low heat, often not above the melting-point of cone 010, and the 



'1^ 'generally 

'^w»i^ irftier bMming is quite porous $ud not steel*haf4. ^ 

If to be decorated this can be done by incised desfemr, 
cation of relief decoration, or by covering it with a glaze of 
•biJity, ■ 7/v ' - 

^ YfUow and Rockingham ware.— In making this the 4iay is fimi^ 
"bhit^ to develop the body, after which it is glazed ifnd then fired V; 
a second time to develop the glaze, the process in thia respect beifi|f; 
idmilar to that employed for white ware, and the ware being pbced '^ 
saggers to protect it from the flames and dirt. The glazes are Artifeia^ : 
rnkturcB which melt to a glass at a lower temperature than that w 
quired to burn the body. 

Stoneware.— In this class of product the body and gla«&''a5ft..d5^ 
velop^ together, so that after drying the objects are ready to have the^ 
glaze applied. 'A type sometimes used is some form of natural glaze 
nr riip-clay (see p. 228), which melts to a brown glass at a temperature 
at which the body of the ware is nearly vitrified. 

For application the slip-clay is mixed with water to a creamy con- 
aSatebey and the ware dipped in it. Although i^ip-clays have been 
found at a number of localities in the United States, that obtained 
frinn Albany, N. Y., continues to be the most satisfactory and is shipped 
over the country. The amount of slip-clay required even by a 


ftikotory of moderate size is not very large, so that the annual domestic 
consumption of this kind of clay is limited. 

Salt-glazing represents the simplest form of glazing a ware, and is 
applied more often to sewer-pipe than stoneware. When the wares 
are to be salt-glazed they are placed in the kiln, unprotected from the 
lazbea. As soon as the kiln has reached its highest temper^ure, the 
ia put in the fireplaces, one or two shovelsfull at a time, at regular 
lilervakf so that the addition of the salt may extend over several hours. 

salt id placed in the fires the heat volatilizes it, and the vs^re 
ik| passing up through the kiln unite with the clay, forming a glare I# 
thhireilace of the ware. Many cla 3 « are capable of taking a good salhf/ 
g^are^ but some take a poor one, and othem do not glaze at aJL 

experiments made by L. E. Barringer ^ it seems tW A riay r 
eith^ too aluminous or too siliceous tp be 
riiat^ if the process of salt-glazing is piopariy 
which the proportion of silica. to aiumM Is ;zii6|b 
than 12.5 to 1 are capable of receiving a glares 
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^ of fineness of the free silica in the clay makes little difYerence. The 
sand the lij^hter the color of the glaze, 
lianmigcr also found that, contrary to what was usually supposed, 
a consid^/ible quantity of soluble salts, as mucli as 3 per cent, can be 
present clay without seriously interfering with the salt-glazing 
when conduH^at cone 8. 

Bristol glazes, representing a third type, arc an artificial mixture 
of fluxes, kaolin, ball-clays, and flint. They can be proiluced in a 
variety of colors, and white, due to zinc or tin, is a common on«. Tliis 
is the type of glazing generally used on stoneware. 

The burning of stoneware is carried out in up-draft or down-draft 
kilns, and the cone reached varies in different localities, but where 
fTre-ciays or semi-fire clays arc employed it ranges probably from 
6 to 8. 

White ware and porcelain. — Both of these are made from artificial 
mixtures, consisting of kaolin, ball-clay, quartz, and feldspar, and 
the materials used are selected with a view to their white-burning 
qualities. 

The^<aolin supplies white color and refractoriness but is low in ))las- 
ticity, and to supply this deficiency ball-clay is added. (Juartz serves 
to diminish the shrinkage, and feldspar or calcined bones as a flux. 

Porcelain in which spar is the flux is termed hard, feldspar or true 
porcelain, and shows a bluish-white color by transmitted liglits, while 
that wliich is fluxed in part by calcined bones or lime ])hosphat(' is 
termed bone china and shows a yellowish color bv transmitt(Hl 
light. 

The proportions in which these .several substances are used arc 
commonly kept secret by the })otter, but enough has been published to 
show the general irii\ture.s. 

In the molding of white and porcelain wares jiggering and pressing 
are extensively employed, and the burning is done in much the .same 
manner as in yellow ware. 

Saggers, which are oval or cylindrical recej)tacles made of fire-clay 
with a flat bottom, about 20 inches in diameter and a height usually 
of about 8 inches, are msed for protecting the ware in the kilns. 

The saggers are filled with unburned ware and set one on top of 
the other (PI, XIX, Fig. 2), .so that the bottom of one forms a cover 
for the one below it, the joint between tlic two being clo.scd })y a strip 
of ''wad ’-clay. The use of the.se .saggers is to protect the ware from 
the smoke, gases, and ashes of the kiln-fire. The chief reepnsite of a 
saggcr-cliiy is that it shall stand more heat than the ware placed in it, 
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and repeated firin^r and eoolincr, as well as handlin^r 
Sa^r^ers are generally made from a plastic, refractory clay, 
maximum admixture of grog, i.e., ground old saggers, i^roken fiAjrick^ 
etc. The kilns arc usually of (he circular up-draft type havin/a diam- 
eter of from 10 to IS feet. Down-draft kilns arc 'but lit# used for 
burning white ware in the United States, although in the down- 

draft mcUiod of burning has superseded the up-draft, "fhe temperature 
reached in burning varies. White ware is commonly burned at from 
cones H to 9, while the porcelain may be fired as high as cones 12 to 10. 
Since the color of ferrous iron is k'ss noticeable than ferric iron the 
fires should be rc<lu(‘ing during at least the last part of tlu; firing, and 
the kiln is then cooled down as rapidly as po.ssible to pn'veiit the oxi- 
dation of whatever iron may be in the clay. ' ^ ^ ^ ^ 

For all pottery ware, except liard or feldspar i)orcelains, the body 
is first burned in the biscuit-kiln, then glazed and burned a, second time 
in the glost-kiln. for white ware the biscuit-burn is done at perliaps 
cones S to 9, while the glost-burn at about 2 to (k For yellow and Rock- 
ingham ware, fayence and majolica, the biscuil-burii ranges betueen 
cones 2 to S, while the glost is from cones 07 to OIL For ixircelain the 
biscuit-burn is about cone 2, while the glost-burn is at a higher heat, 
and in this country ranges probably from cones 11 to 13. 

Ihe glazes joi white waie and porcelain are complex com])ounds 
of an artificial character. They consist of a mixture of acids and bases 
combined according to a definite formula, in such pro})ortions that they 
will melt to a glass at the tempei-ature reacdied in burning. A glaze 
thus produced must furthermore agi’ce with the body in its shrinkage 
and coefficient of expansion, in order to prevent various defects, such 
as crazing, shivering, peeling, etc. A discussion of the composition and 
methods of calculating glaze formulas hardly lies within the province 
of this work, and those wishing to become acquainted with this sub- 
ject are referred to a most excellent little manual of Ceramic Calcula- 
tions issued by the American Ceramic Society.* 

The glazes used on white ware are usually fritted first. That is, 
the ingredients of the glaze after mixing are melted either in a frit- 
kiln or a sagger, broken up and ground wet, together with certain added 
materials. This glaze mixture is then of a cream-like consistency and 
the biscuit ware is dipped into it (PI. XXI Ij. In the ^lost-kiln this 
thin coating of glaze melts to a glassy layer and covers the body en- 
tirely. White-ware glazes commonly owe their easy fusibility to borax 

‘ Purchasable for $1.00 from Ed. Orton, Jr., Sec’y, Coliinihu.s, 01. o. 




Viewj^'lluHi rating the process of turning jars (Photo by 11. H. Ilindshaw 
Md. (leol. 8urv., IV, p. UJ02.) 
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‘"Wiiile those used on porcelain contain no lead, and 
heat for maturing. 

WMte ware and porcelain arc often elaborately decorated, eitto 
4* over the glaze, but the form of decoration most often 
^ ia |!nrint-^l)rk. This is done by printing a copper-plate design on sptfift) 
paper, and applying this to the surface of the ware. After being allov^cil 
; tb stand, for a few hours the paper is washed off, but the ink tf tii# 
design is retained on the surface of the ware. The colors are then fitted 
by firing in a muffle-kiln at a dull-red heat. The print- work is some** 
times ''fited in '' and elaborated by brush-work, or, on better grades 
of wafifei, the entire design may be hand-painted. The more delkatf!» 

' colors as well as gold have to be applied over the glaze as they am der 
stroyed by hard-firing. With chromolithography a soft and cma-* 
mental multicolored design can be produced at one operation, but It 
is but little used in this country, although productive of bcadtifld 
effects. 

Slsctrical porcelain.^ — This forms a separate branch of the c!ajr»^‘ 
Working industry. These insulating fixtures are made of a 
•of wbijbe-burning clays, feldspar, and flint. Articles like 
fixtures, knobs, cleats, receptacles, attaching plugs, and switch 
are molded dry-press. Porcelain used for high-tension insulation^ 
is necessary for oil-switches, transmission lines and transformer, |S; 
formed by the wet. process, as this gives a ware of greater 
and higher insulating value. The wares in this country are buitiilrl 
mostly between cones 10 and 12, but some are fired at lower 
The electrical porcelain is usually glazed. ' * 

Sanitary ware is made sometimes from the same clay bodies aa wl^fl 
ware', but tne body is usually vitrified or nearly so, and is glazed. 
ware is farmed by hand in plaster molds, and great care has to 
in drying and burning. 

jStithttths and washtubs. — ^These are commonly made from bti04/f- 
dWys, such as are used in terra-cotta manufacture, and ccyvere#l| 
bo^ a white slip and a glaze. The lining is usually vitrified, 
pot thi and they are termed porcelain lined. The pressing, 
of such a large object as a bathtub requires 
The pressing is done by hand in large plaster molds/ 
burned commonly at from cones 9 to 10, or perhaps 
finiWbed bathtub may commonly weigh from 500 % ^ 

Purpows, Ofs&ersl 




CHAPTER V 


DISTRIBUTION OF CLAY IN THE UNITED SPATES 
ALABAMA— LOUISIANA 

Introduction.— In this chapter and the two following ones it is 
proposed to describe briefly the occurrence, properties, and uses ^ of the 
clays found in the different States. While it is thought that the more 
important facts are grouped here, still there may be some who wish 
to obtain additional details, which they can do by looking up the refer- 
ences given at the end of the discussion of each State. 

A grouping of the clays according to geologic formations has been 
adopted partly because the subject is treated mainly from the stand- 
point of the economic geologist, and partly because it admits of greater 
uniformity in mode of presentation. For the benefit of those who would 
prefer a grouping by kinds, the index has been made as complete as 
possible, in order to enable them to find «he data for which they are 
searching. 

Statistics of Production. — Doubtless few people realize the im- 
portance of the clay-working industry in the United States, and yet 
this is not so surprising, since clay has less popular attraction than 
many other mineral products, such as gold, silver, etc. A casual 
glance, however, at the annual figures of production will probably 
speedily convince one that clay is to be classed among the fore- 
most mineral products of the country, being outranked only by coal 
and iron. 

The statistics of production for 1904, as published by the United 
States Geological Survey, were the latest available at the lime the first 


* This refers to their use for the manfacture of clay- products. 
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was published. As those for 1907 appeared as the second 
edition was being printed they have also been added. 

Value of Clay-products op the United States in 1904 


« 

Product. 

Value. 

Per cent of total 
protlurt'.on. 

Common brick 

$51,768,558 

39.51 

Vitrified paving-brick 

7,557,425 

5.77 

Front brick 

5,560,131 

4.24 

Fancy or ornamental brick 

84.5,630 

.65 

Drain-tile 

5,348,555 

4i)8 

Sewer-pipe 

9.187,423 

7.01 

Architectural terra-cotta 

4,107,473 

3.14 

Fireproofing 

2,502,603 

1.91 

Hollow blocks 

1,126,498 

.86 

Tile, not drain 

3,023,428 

2 31 

Fii e-brick 

11,167.972 

8.52 

Miscellaneous 

3,669,282 

2.80 

Red earthenware 

756,625 

.68 

Stoneware 

3,411,025 

2.60 

Yellow and Rockingham ware 

290,819 

.22 

C, C. ware 

854,389 

.65 

White granite and semi-porcelain. . 

10,836,117 

8.27 

China 

1,583,513 

1.21 

Bone china, delft, and belleek 

162,500 

.12 

Sanitary ware 

3,.58.5,375 

2.74 

Porcelain electrical supplies 

1,431,452 

1.09 

Miscellaneous pottery 

2,246,455 

1.72 

Total 

$131,023,248 

100.00 

Clay Mined and Sold in 

THE United States 

in 1904 

Kind. 


Value. 

Kaolin 


.. $304, .582 


Paper 276,381 

Slip 11,942 

Ball 142,028 

Fire 1,306 053 

Stoneware 83,904 

Miscellaneous 195,272 


Total 82,320.162 
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Vmm or Clay Products or thk Vinm> Si^Mi |ii 
, ‘ (From U. S* Qeol Surysy.} 


VldlM. 

FW omt of 

lynoui^&ik 

158,785,461 

, 36.99 

9,664,283 

6.07 • 

7,329,360 

4.61 

1,279,416 

0.81 

6,864,162 

4.32 

11,482,845 

7.22 

6,026,977 

3.79 

3,162,453 

1.09 

1,088,165 

0.68 

4,551,881 

2.86 

627,647 

0.40 

14,946,045 

9.40 

3,000,201 

1.89 

845,465 

0.53 

4,280,601 

2.69 

13,913,680 

8.75 

1,930,669 

1.22 

4,863,222 

3.06 

2,613,771 

1.65 

1,696,066 

'4 .07 

1158,942,369 

100.00 


Omxwd brick 

]^nt bnS 

Faboyonuunental brick (includmg enameled brick) 

Draint^le ' 

Sewer-pipes 

'Archit^ural terra-cotta 

Fireproofing 

Hollow blo^s 

Tile, not drain 

Stove lining 

Fire-brick 

Miscellaneous (brick and tile) . 

Bed earthenware 

Stoneware 

YsUow and Rockingham ware 

C., C. ware 

White CTanite and semi-porcelain 

China, bone china, delft, belleek 

Swiltary ware 

Porcelam electrical supplies 

Miscellaneous pottery 

Total 


Clay Mined and Sold in the United States in 1907 


Kind. Value. 

Kaolin 1340,311 

Paper 293,943 

Slip 37,925 

BaU 195,515 

Fire 2,054,698 

Stoneware 136,576. 

Brick 112,003 

Miscellaneous 277,1^7 


Total 13,448,648 


ALABAMA 

Hie day<^epo6it8 of this State are distributed ov^ a wide' raomr 
;^ 9 eolo^ formations, whose characters are briefly referred below. 

Archtaan and Algooldaii 

The rooka of thia age, which underlie a roughly area of 

;|he eaal^ l>art of the State, consist of gramtea, 8c»hi8{% 
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all of which have, bj surface decay, furnished a residual clay, usually 
ferruginous character. In the schist areas, however, there are not 
a few pegmatite veins, whose decomposition has resulted in the forma- 
tion of kaolin. Such occurrences are found near Milner, Pinetucky, 
and Micaville, Randolph County, and Stone Hill in Cleburne County, 
but!they are all undeveloped, owing to lack of railroad facilities. The 
Alabama kaolins in their crude condition are rather siliceous, highly 
refractory, and burn to a very white color. 

Cambrian and Silurian 

The clays obtained from these formations are either residual deposits 
or are concentrates from these, which have been carried by surface- 
waters down into sinks and other depressions. While the Silurian rocks 
contain some shaly members they are not, so far as known, used for 
brickmaking, but the residual clays which are usually impure are ex- 
tensively employed for this purpose. At certain localities, such as at 
Gadsden, Kymulga, Peaceburgh, and Oaxanna, white clays occur sur- 
rounded ^y the impure ones, and those found in Cherokee County have 
been used for fire-brick manufacture. 

Lower Carboniferous 

Although occupying a number of small areas in the northern portion 
of the State no clays of economic value have been noted from these. 
In Will's Valley, however, it carries an important bed of white clay, 
which is also found farther north near the State line. The white clay, 
which is known locally as chalk, and has an aggregate thickness of about 
40 feet, is worked near the State line about Eureka station, and thence 
southward for two miles. 


Coal-measures 

These occupy a large triangular area in the northern part of the 
State, but since a great portion of the region is remote from the railways, 
whatever shales or clays it may contain have been but little develop^. 
The most important deposits are the under-clays found in some of the 
coal-fields, which have been employed for making pottery, as at Jugtown, 
Fort Payne, Rodentown, etc. The shales are also used in some parts 
of the State for making vitrified brick, especially at Coaldale and North 
Birmingham. No fire-clays have thus far been found in the coal* 
measurtlSr 
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Cretaceous 

This contains the most important clay-deposits in the State, but 
most of the beds have thus far been found in one member, namely, 
the Tuscaloosa. This consists usually of yellow and grayish sands, 
with smaller beds of pink and light-purple sands thinly laminated, dark- 
gray clays holding many leaf impressions, and gray lenses of massive 
clay which vary in color. The formation occupies a belt of country 
extending from the northwest corner of the State around the edges of 
the Paleozoic formations to the Georgia State line at Columbus, attain- 
ing its greatest width at the northwestern boundary of the State. The 
purer clays have as yet been found only in the northern part of this 
area, in Fayette, Marion, Franklin, and Colbert counties, and the ad- 
joining parts of Mississippi, but the following section from 12 miles east 
of Tuscaloosa affords a good idea of the character of the deposits. 

Section 12 Miles East of Tuscaloosa, Ala. 

Feet. In. 


1. Purple massive clays 5 

2. Ferruginous sandstone crusts 6-8 

3. Variegated clayey sands 10 

4. Purple clays with sand partings 10 

5. Ferruginous crusts 1 

6. Laminated, gray and yellow sandy clay 6-8 

7. Lignite with pyrite nodules 2 6 

8. Dark-gray massive clays 6 8 

9. Covered 1 8 

10. Purple clay — 


This section shows great vertical variation and a similar one may 
occur horizontally. Nevertheless, the formation contains not a few 
deposits of workable size, which are employed for stoneware and common 
earthenware, as at Sulligent, Tuscaloosa, etc. In Colbert County the 
Tuscaloosa formation carries fire-clays, and other deposits are known 
near Woodstock and Bibbville, A curious white siliceous clay occurs 
near Chalk Bluff and Pearce’s Mill, Marion County, butj it has not been 
utilize. 
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Tertiary 

The Tertiary formations underlie the southern third of Alabama, and 
while it is* known that they contain extensive deposits of clay, these 
have been but little investigated. The most promising occurrences 
of clay in this section are in the Grand Gulf formation (Pliocene) which, 
according to Dr. E. A. Smith, overlies unconformably most of the older 
Tertiary beds. A siliceous clay, resembling flint-clay in appearance, 
is found in abundance in Choctaw, Clarke, Conecuh, and other counties. 
Its analysis is given in the appended table. 


Pleistocene 

Over much of the coastal plain in the second bottoms of the rivers 
there is a great extent of yellow loam suitable for brickmaking, which 
corresponds to the Columbia loams of the Northern States. 


f Division of Clays by Kinds 

China-clays. — The only kaolins are those occurring chiefly in llan- 
dolph County. 

Fire-clays, — The fire-clays of Alabama come from four geologic 
horizons, namely: (1) The Cambrian and Silurian limestone forma- 
tions of the Coosa Valley region, seen at Peaceburgh, Calhoun County, 
Oaxanna County, and Rock Run, Cherokee County; (2) the cherty 
limestone of the Lower Carboniferous formations of Will’s Valley, seen 
at Will's Valley and Valley Head, Dekalb County; (3) the Tuscaloosa 
formation of the Lower Cretaceous, occurrences being known at Bibb 
ville and Woodstock in Bibb County, Hull station and Tuscaloosa in 
Tuscaloosa County, Potter's Mills in Marion County, and Pegram in 
Colbert County; (4) the Lower Tertiary formation, Choctaw County. 

Pottery-clays.— These are found at a number of localities, including 
Blount County; Rock Run, Cherokee County; Fort Payne, Dekalb 
County; Coosada, Elmore County; Bedford and Fernbank, Lamar 
County; Tuscaloosa, Shirley’s Mill, Fayette County; Pegram, Colbert 
County. 

Brick-clays.— Many deposits are found in all parts of the State. 

In the following table there are given a number of physical tests 
and chemical analyses of Alabama clays. Additional ones will be found 
ii^ Re|(f*fo!ice 4, on page 321. 
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H’ 


IX. 

66.45 

18.53 

2.40 

1.50 

1.25 

trace 

8 68 
0.78 

> 

72.40 

14.86 

7.64 

0.20 

0.40 

5.05 

0.65 

IIA 

72.20 

17.42 

2 40 
trace 
trace 
0.56 
7.40 
0.12 

> 

60.90 

18.98 

7.68 

trace 

trace 

trace 

12 46 
0.90 

!> 

74.25 
17 25 
1.19 
0.40 
trace 

0 52 
6.30 


AI 

10 O 00 CJ 00 *0 Oi 
iO(N<N oOMrH 

«0 CM 


•III 

82.04 

12.17 

trace 

trace 

0 327 
0 60 


*0 

CM 

00 

Tfl 


51 90 
35.00 
0.99 

0 23 

0 10 
0.55 


11.30 


67.95 

20.15 

1 00 
1.00 
trace 
1.87 


00*8 


Silica (SiOa) 

Alumina (AI2O3) 

Ferric oxide (feaOa) 

Lime (CaO) 

Magnesia (MgO) 

Alkalies 


Loss on ignition 
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Localities op Clays in Preceding Table 


No. 

Locality. 

(leological Age. 

Uaes, 

I. 

Gadsden 


Not worked 

it it 

II. 

Peaceburg 


III. 

Eureka 

Lower Carboniferous. . . . 

(( ti 

IV. . 

Birmingham 


H <( 

• V. 

BihbvilTe 

Lower Cretaceous 

it << 

VI. 

Bedford 

H ii 

tt tl 

VII. 

Shirley’s Mills 

a It 

it tt 

VIII. 

Bexar 

it it 


IX. 

Pegram 

(t it 

tt tt 

X. 

Tuscaloosa 


tt 9 it 


Noh. 1-X from Bull. 0, Ain. (Jeoi. Survey. 


References on Alabama Clays 

1. McCalley, H., Report on the Valley Reffiona of Alabama (Pala> 
ozoic strata): Clays. In two parts. I. The Tennessee Valley Region, 
Ala. Geol. Surv., p. 6S, 1896. 

2. Ibid., II. The Coosa Valley Region, p. 84, 1897. 

3. Mell, P. H., Jr., The Southern soapstones, kaolin, and fire-clays 
and thejr uses, Ainer. In.st. Min. Eng., Trans., X, p, 318, 1882. 

4. lies, II., The Clays of Alabama, Ala. Geol. Surv., Bull. 6, p. 220, 
1900. / 

5. Smith, E. A., The Clay Resources of Alabama and the industries 
dependent on them, Eng. and Min. Jour., LXVI, p. 369, 1898. 

6. Smith, E. A., Geological relations of the clays of Alabama, Ala. 
Geol. Surv., Bull. 6, pp. 69-113, 1900. 

7. Butts, C., Clays of the Birmingham District, Ala. U. S. Geol. 
Surv., Bull. 315, p. 291, 1907. 

ARKANSAS 

In the Mesozoic regions of Arkansas there are found a great variety 
of clays. Those occurring within the Tertiary region are said to have 
been used for the manufacture of pottery, while kaolin is said to occur 
in Pike, Pulaski, Saline, and Ouachita counties, but the beds are rarely 
over 2 feet in thickness. The Pulaski deposits are the only true kaolins 
of those mentioned. 

VOn the Hotsprings (Ref. 3) re.servation the Palaeozoic shales have, 
by decay and leaching in place, yielded a series of light-colored siliceous 
clays. They form beds of variable thickness, sometimes interbedded 
with sandstones. These clays have been worked outside the reservation 
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on Cedar Mountain, near Mountain Valley, P. 0., and shipped to 

for use in making art pottery. Only analyses are available, and the^^ 

give little information regarding their physical propcrticis: 

I. , II. 

SiUca(SiOj) 70.31 74.65 

Alumina (A1 A) 17.27 13.68 . 

Ferric oxide (FcjO,) 1.35 1.27 

Lime(CaO) 23 .20 

Magnesia (MgO) 91 2.03 

potash (KjO) 3.51 3.84 

Soda (NajO) 26 .10 

Titanic acid (TiO,) 1.00 .73 

Ignition 4.36 3.63 

Moisture 88 - .77 


Brick-clays are abundant in the Pleistocene formations. The shales 
associated with the Carboniferous coals should also prove of value for 
the manufacture of clay-products. According to Branner they occur 
ki great abundance between Little Rock and Fort Smith. i 

The following analyses are given by Branner in the paper re^rred to 
^ve. 

Analyses of Arkansas Clays 



1 11 . 

111 . iv. 

1 

V. 

VI. 

VII. VIII. 

IX. 

vSUica (SA).. . 

.W..30 62.36 

58.43 51.3 

63.0/ 

48.34 

/6 3 :. , 5 99 

i5.28 

Alumina 

23.29 25.52 

22.50 24.69 

23 92 

34.58 

10, 0-^ 16.12 

37.39 

(AlA), 







Ferric oxide 

9.62 2.16 

8.36 10.57 

1.94 

1.65 

1.24 1,35 

1.71 

(FeA) 







Lime (CaO). . . 

.36 .51 

.32 .32 

.23 

.81 

% 

1.83 

Magnesia 





diff. 


(MgO) 

1.49 .29 

1.14 .63 

trace 

trace 

.99 1.46 j 

.29 

Potaw (K 2 O) . 

1.36 1.90 

2.18 2.18 

1.15 

.44 



Soda (Na,0). . 

2.76 .66 

1.03 .72 

1.0-. 

1.26 



Water (HjO) . 

5.16 5.32 

1 6.87 9 11 

7.0/ 

12.94 

6.40 

13.49 

Total 

97.24 98.72 

100.83 99.52 

99.46 

100.02* 

100.00 94.91 

99.99 


. Clay-shale from railroad cut at south end of upper bridge, Little Hock. . , . , * 

, Decayed shale frcnn Iron Mountain Railroad cut. at crossing of Mt. Ida road, Little Rook* 
. Clay-shale from Nigger Hill, Little Rook. 

. From 8. E. + of S. W i. Sec. 31. 10 N.. 23 W. 

. Benton, Hick's bed, 2 A, 15 W.. Sec. 13. 

. Benton, Howe's pottery. . „ ^ 

. .John Foley's, 13 8 .l24 W, Sec. 18, N. E. f ^ S. E. L 
. aUnax pottery, 15 A. 28 W,, 5, W 4 of 8. E. i. 


[|. dUnax pottery, 16 S.. 28 W„ Sec. 5, W i of 8. E. h 
^ Kaolio, 1 N., 12 W„ Sec. 86. Tarpley's. 

HV, qarbonitofous; V-JX, Tertiwry, Branner, Ref. 1. 

>fA> •' , ' . 

* Amer. In«t. Mki. Eng., Trans., XXVHI, p. ^ 
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I IG. 2.^ lertiary clays (lone formation) iiscmI for brick, terra-cotta, etc., 
Lincoln, Calif. (Photo loaned by Cladding, McBean & Co.) 
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References on Arkansas Clays 

]. Brannor, J. C., (N'liunt Materials of Soiithwostorn Arkansas, in 
Anier. Inst. Min. Trails., XX\’II. ]). 42, ISR7. 

2. Ariim;i'l Report of State (loolo^ist for ISSS, Ft. p. II. 
nninoroiis analyses. 

s! Erkcl, E. C., Clays of Garland County, Ark., U. S. Gool. Siirv., 
Bull. 2So, p. 407, 190G. See also Geol. Atlas Folios, Nos. 122, 154, 
119. 

ARIZONA 

The elay resources of this State liave been but little developed. 

Raiisoine^ states that clay for us(‘ in a mixture to line converters 
is obtained from near the (’zar fault in the Copper (Fieen min(‘, and 
has been formed by decomposition or alteration of the Obrigo lime- 
stolU'. 

Common brick-clays arc used locally at a few points. 


(ALIFORM A 

Fublisbed information regarding the propertie.s of the California 
clays Is 'lay meag('r, although many scalteri'd refeivnees ar(‘ \n ))e 
found in/lu' annual reports of the ('ahforni;i State Mnu'ralogist . ('spe- 
cially tl/ 7th to bUh. 

Re/dual chi vs aiv deriwd from many of the formations occurring 
witjdtf the St:ite, and are occasionally worlual for common brick. 

"" Of the sedimentary clays, those belonging to the lone formation 
of the Neocene, extensively devc'lope'd in llu' Great \all(y, are the most 
important, but unfortunalc'lv Huy am ex]>osed in oJilv a few ])!ac('s. 

Lindgren 2 states that tlie white' clays of this formation are* fre'ejnently 
well suhed to i)ottery manufacture', an.l tlie' clay industry has bee'ii 
extensively developed around Lincoln, Flacer ( ounty. Similai be'ds 
are found at many place's in the Cosumne.s area, but the'V are not worke'd. 

The white lone clavs have also be'e'ii exle'iisively dug to the north- 
w'est of lone and abo^■e'Carbon(lale‘, to be' use'd in making coarse potte'iy. 
A variegated clay of good qualitv has be'cn epiarrie^d at Valley Springs 
and shipped to Stockton for making pottery.3 

Abelt of clavs is also said to extend in a general west of north and 
,^ast M south direction from Elsinor e on the south to (-orona on the 

1 U. S. Ccol. Atlas, Folio No. H'A p. 17. 

* U. S. G. S , Ge'ol. Atlas, Folio 5. 

» Turner, U. S. Geol, Survey, Geol. Atlas, Folio 11. 
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north. These have been dug; for tlie factories at Elsinore, Corona, and 
Los Angeles. 1 

At Los Angeles the Tertiary clays are u.scd locally for brick and 
flower- pots. 

The Lincoln locality, although the smallest of the three important 
ones, is extensively worked; the Carbondale area contains prob'ably 
the best grades of clay, but the Elsinore-Con )na belt affords a greater 
variety. 

References on California Clays 

1. Anon., Industrial Materials of ( alifornia, Calif. State Mining 
Bureau, Hull. 3S, 1006. 

2. Johnson, W. D., ('lays, (.'alif. State Mineralogist, Dth Ann. Kept., 
287, 1890. 

3. Kies, H., The ('lav-working Industry of the Pacific ('oast Slates, 
Mines and Minerals, .\X. p. JS7, 1900. 

•1. See scattered notes in Annual Keports of ('.alifornia, State Miner- 
alogist, up to the 13th. 

COLORADO I 

The clay-bearing formations of ('olorado which liave 1)000^1 lius far 
examined or developed are chiefly (Vetaceous, Tertiary, and .'Quater- 
nary. 

Mesozoic 

The Cretaceous and Tertiary beds are well exposed along the eastern 
edge of the Rocky Mountains, where they have been worked for some 
years. 

In the Denver Basin, which is the most important, the clays are 
derived from the Denver, Laramie, Fox Hills, and Dakota formations, 
but the second and third are comparatively unimportant. 

The Dakota formation in the Denver Basin carries beds of fire-clay 
which occur as non-contimious b.ands, 5 to 15 feet thick, and .“several 
hundred feet in length, in the argillaceous shales which separate the two 
or three heavy layers of sandstones that constitute the bulk of the 
formation, and forms the hogbacks around Clolden (PI. XXIV, Fig. 2). 
The fire-clays, .some of which fu.se at cone 33, are bluish-gray or Llack 
in color, the impurities consisting of sand lamime, and iron oxide result- 
ing from the decomposition of pyrite. 

The Golden clay enjoys a high reputation for fire-brick and assayer's 
materials. Fire-clays also exist in the Laramie in connectiqri with tb^’ 
coal, but these are of inferior quality and irregular thickness. 


’jBnll. 38, Calif. State Min. Bureau, 190G. 
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Bl?') 

The Dakota clays form a more or less continuous strip from Boulder 
southward throu{z;h Golden, Platte Canon, Colorado City and beyoml, 
swinging thence westward toward Canon City, 'riiey arc also found in 
the region southwest, south and southeast of I’uehlo. 

Gohtcn, Platte (kuion, Colorado City, Canon City, have all })roduccd 
^onsiderahle (plant it ies. 

The distrihution of the Dakota formation is shown in the following 
Gcol( 3 gic Atlas Folios, issued by the F. S. Geological Survey: d(>, Piu'blo; 
t)8, Walserd)iirg; bk"), Nepc'sia. S('(‘ also n'poi't by N. H. Darton on 
Geology and Undergi’ound Water Pesourecs of the Central Gr^at I’lains, 
U. S. G(M)h Siirv., Prof. Pap. .T2, ItKi:). 

The Benton shah's overlying the Diikota carry beds of plastic shah' 
at Gohh'ii which are adapted to ston(n\arc and scwcr-]>ipc manufacture, 
but elsewlu'i'e are of little importance. 

The clays in the w(‘st('in and southwestern jiart. of th(j State have 
reci'ivtal but little attimtion. In tlu; Durango-Gallup coal-lii'ld area 
(Ib'f. 0) heavy clay shah' (h'posits o(‘cnr in tlu' Mancos and l.ewis 
formations of the Upper Cr('tac('ous, and thiniK'r Ix'ds in the M(*sa- 
verde and iiaraniie formations, but. the first two irnFah' th(' great ('r pari 
of tlu' thick shale formations of tlu' an'a. 'TIk' .Mesavi'cde formation 
also *ari-ies si'ini-tefracloiy lir('-cla\s a^sociated with the coals and 

2 -stones, 

1u' Manc<’)S shale h;is Ix'en u<ed for jiri'S'^i'd brick at Dui'ango. It 
s r(ai, but contains liuK'stime concia't ions which hav(' to be removed 
yari’Miig. Its analvM.N IS gi\ ('ll in t he tabh' Ix'low’. 

'The M('saverde fii’e-clavs occiii' in tlu' coal mea''Ure^ Ix't ween Durango 
and .Mancos, as do also the Mancos shales. In bag('s Ba.sin, southwest 
of Durango, there are thick out(‘ro|)s of the bc'wis .shale, and it is ('on- 
tinuously ('\p(jsed (but not w’orked) as far as the Da Plata Biver in tlu' 
viclni*y of Fort Lewis. 

Tertiary clays and shales an' aFo found in this regii.u, Imt remain 
undevelofied. 

The ipiper half of the Fov Hills formatio!* cairh'"' an abundance of 
slightly arenaceous clays suitabh* for structural materials, and the^e 
have been woi'ked at both Golden and W’llmonr. 

At Bouhh'r, Boulder (tmnty, tlu; Piene ishales of the Cretaci'ous 
asfford an excellent supply (^f material for common, pir.ssed, and paving 
brick, but the material seems to vary in its pliysical properties from 
place to place (Kef. 2). The Carlisle shale has been worked at La Junta 
for red dry-pressed brick. 
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Pleistocene 

The loes? is used at many points in eastern Colorado for making: 
common brick, and many brick-yards around [Denver are supplied with 
it. At other localities alluvial clays are easily obtained. 


Analyses of Colorado Clays 



I. 

ir. 

III. 

IV. 

V. 

VI. 

Silica (SiO,) 

Alumina 

Ferric oxide (t e^Oa) 

Ferrous oxide (IcO) 

50. S5 
3d (it 
.75 

().3 300 
11.. 38 

0 27 
.850 

1 81 
2.57 
1.28 
2.10 

"5 223 
2.05 

40.01 

37.20 

.15 

()3 22 
21.72 
.43 

48 87 
12.20 
4.44 
* .07 

10.00 
3.82 

71.70 

1 .55 

tio!.30 
1.27 
t .45 

70.50 

8.30 

.,38 

Lime (C'aO) 

Magnesia (MgO) 

Potash (K./)) 

Soda (Na.,()) 

Titanic acitl (TiOa) 

Water (Ibt.)) 

Moi.sturc 

Organic^ pinttcv 

trace 

,10 

.00 

.SO 

11.75 

2.13 

.41 

.25 

J 1.23 

13 05 
.17 

.30 

.13 

trace 

.08 

8.03 

1.30 

.40 

.12 

.24 

trace 

.00 

4.40 

1.20 

8.31 

Total 



100.00 

00.0 ir 100.00 

1 

00 87 

00.04 

100.17 


h Incli (les C ’()2 JSOi 


T A typical Cnldcn fire-clay, U S (1 S , Mon \XVII, p .‘{90 
II. Picrie shale, I.ee yaid, Boulder, Boulder Oounty, U. S. (J S , 

Wr 15 ‘lKe|iiont, Jeflfe^ui County ^ S , IGth Ann Kept. 

IV. Pueblo, Puotdo County, I 
V. Durango U S. O. S. Bull .’O'*. P 296, 1906 
VI. Dakota fire-clay, NepestaquaUt angle. U. 8 Clcol. Atl. Folio, l.'ifi. 

References on Colorado Clays 

1. Eldridp;c, Cross aiul Emmons, Ceolo,iry of Dc'ivcr Basin, U. S. 
Geol. Surv,, Mon. XXVII, p. 387, 1896. 

2. Fenneman, N. M., Gcoloojy of Boulder Distrh.t, Colo., U. S. 
Geol. Surv., Bull. 265, p. 72, 1905. 

3. Geijsbeek, 8., Colorado Clays, Clay-worker, XXXVI, p. 424; 
also Whiteware Possibilities of Colorado Raw Materials, Trans. Arner. 
Ceram. Soc., YIII, p. 98, 1906. 

4. Kies, H.,Thc Clays and Clay Industry of Colorado, Trans. Amer. 
Inst. Min. En^., XXVII, p. 336, 1S9S. 

5. Hies, H., U. 8. Geol. Surv., 18th Ann. Rept., Pt. V (ctd.), p. 1131, 

1897. 

6. Shaler, M. K., and Gardner, J. II., Clay Deposits of the Westf^rn 
Part of the Durango Gallup Coalfield of Colorado and New Mexico, 
U. S. Geol. Surv., Bull. 315, p. 296, 1006. 

7. Butler, G. M., Clays of Eastern Colorado, Colo. Geol. Surv., 
Bull. 8, 1914. 


Bull 26r), p. 74. 

Pt. IV, pp. fi54-5V>5. 





The obys at present worked in this State are confined to the eenM 
bwland portion of the State, and to West Cornwall in Litchfield 
County, , 


Residual Clays 

At West Cornwall, Litchfield County (PI. XXV, Fig. 1), there is a 
deposit of kaolin, which has been formed by the weathering of a bed 
of feldspathic quartzite, but has been protected from glacial Erosion,’ 
partly because of its location in a hollow, and partly because of its being 
interbedded with harder quartzites. It is of white color, and sandy 
or granular texture. The deposit which has a length of at least 1000 
feet dips southeastward at a rather steep angle and is worked by forcing 
water down through pipes and washing out the clay, which is then brought 
up in suspension and floated down to the settling-tanks. This clay is 
sold to potters and paper manufacturers. An analysis of the washed 
material is given below. 

Pleistocene 

Ner.rly all of the workable clay-deposits of Connecticut are of this 
age, j/nd were deposited either in estuaries at a time when the land 
stooji at a lower level, thus allowing the water to occupy some of the 
vajliys entering Long Island Sound, or else they were laid down in 
lakes, formed by the damming of the valleys by glacial drift. The 
valley of the Quinnipiac depressed below searlevel, became a long, deep 
estuary in which the fine clay derived from the material in and under the 
ice was deposited. 

The Hilldale, Berlin, Middletown, and Cromwell clays are lafcd^ 
deposits. 

The central Connecticut clays are grouped by Loughlin into five 
areas, as follows: 

Northern area, the largest in the State and including the brick-yanJl 
in and horth of Hartford. The clay is a blue or sometimes red 
dep<|Bit of highly plastic character, alternating with layers of fin| 
qtlie|0an4 

£ k area ex^nds from King's Island to eastern Rock Hill 

rtford it lire chiefly west of the river and is 4 to 5 miles in width,; 
th^loe It {extends Oin^theastward to South Windsor, where east of the ; 
river ite width is 2 to 5 miles. Its thickness varies from a few feetf 
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to as much as 95. At most points the clay is overlain by a varying 
thickness of red or yellow sand. 

Clayton area, a small area of reddish clay, having a deptli of not 
less than 1,5 or 20 feet and overlain by coarse sand. 

Berlin area, a brownish-red clay-deposit in the valley of the Sebcth 
River between Berlin and Middletown. 

Quinnipiac area, including the clays extending from North Haven 
southward into New Haven. The clay is similar to that of the Berlin 
region, and is usually overlain by several feet of peat. Its measured 
thickness ranges from 6 to 30 feet. 

Milldale area. This is the smallest of the worked deposits. In 
character the material is similar to the others. 

All of these Pleistocene clays are used chielly for the manufacture 
of common brick, although a small quantity of the drain-tile and earthen- 
ware is also produced. The stoneware and fire-brick manufactured 
in Connecticut are from New Jersey clays. 

The following analyses are taken from Loughlin’s report referred to 
below. 


Analyses of Connecticut Clays 


4 - 



. 

II. 

111. 

JV. 

V. 

VI. 

Silica (SiOj) 

47 50 

52 73 

50 33 

55 27 

.58 02 

.56,75 

Alun ina (Al-Os) 

li? 40 

22 2.5 

2/ 06 

20.. 52 

17 93 

17 54 

Ferric oxide (Fe 203 ) 

0.80 

3.M 

2 29 

5.34 

4.89 

4 92 

FeriX)ij8 oxide (FeO) 


1 .55 

2 62 

1 .55 

1.24 

0 03 

Lime (CaO) 

trace 

1 48 

1 22 

2 21 

3.42 

4 18 

Magnesia (MgO) 

Soda (NajO) 


:i 20 

3 34 

2.80 

1 92 

2.. 34 

1 1.10 

{ 2 22 

1 78 

2 82 

3 33 

3 40 

Potash (Ki.0) 

1 4 28 

4.40 

3.43 

3 06 

3 16 

Water (ILO) 

12 4H 

1.12 

1 42 

I 37 

0 99 

1 24 

Moisture 


4.91 

5.24 

5.06 

5.36 

6.28 

Clay substance 

Quartz 

Clay base 

99.00 

1.00 

34.15 

47.. 36 

.34.04 

' 28.75 

27.82 

Non-fluxing impurities 


46 86 

.3() . 69 

48 18 

53.55 

.53.99 

Fluxes 


18 87 

15.65 

18 15 

17 86 

18.93 


I. West CVirriwall, kaolin, H lOes nnal 
II. S. Windsor, Conn., Kast Windsor Hill Brick Co. 
III. Newfiel I, Tuttle Bros. 

IV Berlin. Berlin Brick Co 
V North Haven, I, L Stiles A Sons 


References on Connecticut Clays 

1. Loughlin, G. F., The Clays and Clay Industries of Connecticut, 
Conn. Geol. and Nat. Hist. Surv., Bull. 4, 1905. 

2. Sheldon, J. M. A., Concretions from the Champlain Clays (f the 
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Connecticut Valley, 45 pp., 1900, Boston, Mass.; Abstracted in Amer. 
Jour. Sci., 4th ser., Vol. 11, p. 397, 1901. 

DELAWARE 

The clay resources of this State are of comparatively little import- 
ance, nor has much been published regarding them. In the north- 
western part, along the Pennsylvania boundary, there are deposits of 
kaolin similar to those found in southeastern Pennsylvania. The prod- 
uct is \yashed before shipment. 

The Potomac beds of the coastal plain area are said to contain stone- 
ware and fire-clays, which have been dug at two localities not far from 
Wilmington. 

DISTRICT OF COLUMBIA 

According to Darton * there is an abundance of brick-clay around 
Washington and much of it is used, in fact large areas have been dug 
over in the immediate vicinity of the city. The materials employed 
are chiefly loams belonging to the Columbian formation, but the sandy 
clays of the Potomac beds are also used. 

FLORIDA 

The clays of Florida are mostly surface deposits of Tertiary and 
Pleistocene age, and occur chiefly in the northern part of the State, the 
majority of them being more or less sandy in their character, and adapted 
to little else than common brick. They have been worked to some ex- 
tent around Jacksonville, and also at a few other localities. While most 
of these are ferruginous, calcareous ones are also known, and have been 
noted from several localities as 18 miles southwest of Tallahassee, and 
one half mile southeast of Jackson Blutf. Their composition is given 
below. 

The ball-clays are the most important ones found in the State. These 
are white-burning plastic, sedimentary clays, of high refractoriness, 
which are much used by the white-ware potteries. The clay occurs at 
several points in northcentral Florida (Fig. 36), and the different areas 
may represent portions of a formerly continuous bed. It consists of a 
mixture of white clay and quartz pebbles, the latter forming 65 to 75 
per cent of the entire mass. A section measured in the pit at Edgar * 
gave: 

‘ U. S. Geol. Atlas, Folio No. 70, Washington, D. C. , 

* See Reference 2 below. 
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Top-soil 8 ft. 

Impure upper clay 8-10 “ 

White clay 25 " 

Green clay 


.The thickness of the green clay is not exactly known, but at some 
localities it appears to rest on limestone. An extensive belt of ball- 
clay also occurs along the Palatlakaha River south of Leesburg, and at 
Bartow Junction. 

On page 336 are given analyses of both the calcareous clays and 
the ball-clays. 

Analyses op Florida Clays 


Silica (SiOj) 

Alumina (AI2O3) 

Ferric oxide (Ke^Os). . . 

Lime (CaO) 

Magnesia (MgO) 

Alkalies (Naj(i)^20). . 
Water (H2O). . 
Carbon dioxide (CO2). 
Sulphur ^rioxide (SO3). 

Total 


.. 

11. 

III. 

IV. 

;i5 95 

13 23 

1 27 

15 00 

5 40 

’l0’55' 
18 50 

30 83 
15.40 
1.40 
13.78 
7.50 
undet. 
7.16 

20 14 

46.11 

39.5 

.35 

.13 

13.78 

45.39 

39.19 

.45 

.61 

.29 

.83 

14.01 

.07 




99 90 

96 21 

99 94 

100.67 


I, Calrareous clay, ]-eon County, H. Hies, anal. 

11. Oalcareoii'< clay, near .Jack-son Bluff on Ocklocknee River, H. Ries, anal 
Ili. Wa.she(l cl'y from Palathkaha River, 

IV. Washed cl iv from E l«ar. C. LanRenbeck, anal. 

I-IV from U. 8. Geol. Surv., Prof. Pap. 11, p. 83. 


References on Florida Clays 

1. Memminger, C. G., Florida kaolin-deposits, Eng. and Min. Jour., 
LVIl, p. 436, 1894. 

2. Ries, H., The Clays of Florida, U. S. Geol. Surv., 17th Ann. Rept., 
Pt. Ill, p. 871, 1898. 

3. Sellards, E. H., Jour. Amer. Ceram. Soc., I, p. 313, 1918. 

GEORGIA 

This State is divisible geologically into three areas, namely: (1) A 
northwestern area, underlain by shales, limestones, and sandstones of 
Pal^zoic age; (2) a broad central belt of pre-Cambrian rocks, such 
as granites and gneisses; (3) a southeastern belt, in the coastal plain 
re^on composed largely of unconsolidated sedimentary rocks of Cr©» 
taceous, Tertiary, and Pleistocene age. 
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Palaeozoic Area 

This belt includes the counties of Polk, Floyd, Bartow, Gordon, Mur- 
ray, Whitfield, Catoosa, Chattooga, Walker, and Dade, and while the 
rocks in this area range from Cambrian to Carboniferous inclusive, the 
residual clays derived from them are all somewhat similar. The shales 
are often calcareous, with the exception of the Carboniferous ones. The 
residual clay-deposits, which are chiefly adapted to common- brick man- 
ufacture, are often of considerable extent, and generally ferruginous 
character, but here and there contain pockets of white clay which may 
be suitable for fire-brick; those derived from the limestones often con- 
tain cherty nodules. 

Pre-Cambrian Belt 

This covers an area of about 12,000 square miles, and consists of 
granites, gneisses, schists, marbles, and in places pegmatite veins, of 
which the last should afford kaolin. Residual clays are abundant 
throughout the region, and the wash from them may form secondary 
deposits in the valleys. 

Coastal Plain Region 

This region includes that portion of the State lying to the southeast 
of a line drawn through Augusta, Macon, and Columbus, and coinciding 
approximately with the fall line (Fig. 50). 

Within this area the formations range from Cretaceous to Pleistocene 
and carry many clay-deposits of variable character, ranging from easily 
fusible ferruginous clays to snowy white ones (PI. XXV, Fig. 2) of 
high refractoriness. The form of most of these is rather irregular (a 
characteristic of most coastal plain clays), the majority being lens 
shaned, and surrounded by sand or sandy clay. 

The Cretaceous formations (Refs. 5 and 6) carry the most valuable 
clays found in Georgia, and extend across the State in a northeast-south- 
west direction (Fig. 50a), l 5 dng in contact with the mctamorphic and 
crystalline rocks of the Piedmont plateau on the northwest. To the 
southeast they pass under the later formations. 

The Cretaceous shows its greatest development in west central 
Georgia, between the Ocmulgee and Chattahoochee rivers, its total 
thickness being about 2500 feet (Veatch). East of the former river, 
the Lower (?) Cretaceous is exposed, but ii is narrow and partially 
covered by tongues of Eocene and local deix>sits. 




Fig. 2.~-White clay and sands of Cretaceous age, overlain by Tertiarj^ beds Rich 
^ Hill near Knoxville, Ga. (After G. E. Ladd, Ga. Geol. Surv., Bull. 6A. p. 32, 
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Two divisions are recognized, the Lower or Tuscaloosa or PotOmao 
and the Upper. 

The Tuscaloosa formation, which is made up chiefly of cross-bedded 
quartz and mica sands, gravel, and white-clay, carries the most valuable 
deposits. It is divisible into an eastern and western belt, the former 
lying cast of Macon and the Ocmulgoe River, and the latter between 
Macon and Columl tus. 

In the eastern belt the lower member is composed of coarse clayey 
gravel and Sfind, the latter containing ill-defined lenses of white-clay 
of high purity. The upper member is made up largely of white and 



Fio, 50a. — Map showing exposures of Cretaceous rocks in Georgia. (After Veatch, 
U. S. Geol. Surv., Bull. 315, 1907.) 


cream colored, soft, gritless clays, semi-hard ones, and flint clays. The 
beds are 10 -35 feet thick, and exposed at various places throughout a 
distance of 90 miles. Occavsionally mottled clays are found. 

The western belt of Tuscaloosa is lithologically similar to the eastern 
one, but contains less valuable clays. 

The Upper Cretaceous forms a belt 15 to 25 miles wide, extending 
from the Ocmulgee to the Chattahoochee River (Fig. 50a). It con- 
sists of unconsolidated sands and gravel, marls, clays and limestone, 
carrying no clays of value except in Houston County, where white- 
clays occur in great quantity. 
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Dry Branch district of Central Georgia is the most important, 
the white clays mined there being shipped without washing. McIntyre 
and Gordon are also important localities. The clays are used in the 
manufacture of paper, pottery, tiles, fire-brick, etc. 

Veatch describes them as varying from soft white, through semi- 
hlird and punky ones, to very hard flint-like clays. The punky ones, 



Fig. 50ft. — Section through formations in Dry Branch region of Georgia. 1. 
Igneous and rnetainorphic rocks; 2. Ijowcr (Vetaccous (Tuscaloosii) ; 3. 
Tertiary outlier; 4. Clay bed mined at Dry Branch; 5. Tertiary strata, 
MieVile Eocene (Claiborne). (After Veatch, Econ. Geol., Ill, No. 2, 1908.) 

which harden slightly on exposure to the atmosphere, are sawed into 
blocks for building purposes. 


AnaLY.SES and PlIY.SICAL TeSTS of CiEOlir.lA Cl.AYS 



I. 

II. 

III 

IV. 

V. 

VI. 

VII. 

VIII. 

Silica (SiOj) 

41,20 

52.82 

40.17 

52.()8 

4(» 02 

77 00 

40.28 

43.57 

Alumina (AljOj) 

38.00 

20.17 

39.13 

14.04 

38.28 

10,90 

34.72 

39.34 

Ferric oxide (FejO,) . . . 

1.45 

9.40 

0.45 

0.28 

1.02 

2.25 

0.84 

0.72 

Lime (CaO) 


trace 

0.18 

7.08 

0.18 


0.05 


Magnesia (MgO) 

0.30 

1.08 

on 

1.71 


0.03 

0.04 

0.10 

Potash (KjO) 

0.09 

2.71 

0 51 


0.05 

1.83 

trace 

0.10 

Soda(Na,0) 

0.02 

0.20 

0.03 


0.08 

0.23 

trace 

0.05 

Water (lIjO) 

1G.35 

7.00 

Ign. 

Ign. 

Ign. 


12.39 

14.10 




13,08 

ir.24 

13.04 

4.70 



Moisture 

0.35 

0.23 

0.57 

8.7 

0.72 

0.20 

10.72 

0.89 

Titanic oxide (TiO,) . . . 

1.95 

with 




1.98 

1.15 

1.01 



AhO, 







MnO 







trace 


Thnsile strength 



25 

213 

24' 




Airi-shrinkagfi 



0.8 

25 

8 




Fii;p-8hrinkage 




0 

2 




f’nne of fusion 



30 


35 




Specific gravity 



1.7G 

.9-1.2 

1.09 to 









1.75 




Color when burned .... 




buff ' 









yellow 
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Analyses and Physical Tests or Georoia Clays— Coneinusd. 


No. 

Ixicality. 

Geological Agoa 

Usee. 

I. 

II. 

III, 

IV. 

V. 

VI. 

VII, 

VIII.' 

Flowery Branch 

1 Near Carters ville 

Griswoldville 

Fitzpatrick 

Steven’s iK)ttery 

Rome 

Silurian 

Oostanaula series 

Potomac clay 

Tertiary 

Potomac 

Columbia 

Not worked. 

Not worked. , 

Fire-brick, pottery 
and sewer-pipe. 

No. 1, paper and pot- 
tery clay. 

Punky clay. 

Dry Branch 

Tuscaloosa 

Cretaceous 




I. to VI from Refa 1 and 3. VII. and VIII, Refs. V. 


References on Georgia Clays 

1. Ladd, G. E., Preliminary Report on Clays of Georgia, Ga. Geol. 
Surv., Bull. 6 A, 204 pp., 1898. 

2. Ladd, G. E., Notes on the Cretaceous and Associated Clays of 
Middle Georgia, Amer. Geol., XXIII, p. 240, 1899. 

3. Spencer, J. W., The Palaeozoic Group, Ga. Geol. Surv., 1893, 
p. 276. 

4. See also U. S. Geol. Surv., Geol. Atlas Folios relating to Georgia. 
6. Veatch, 0., Kaolins and Fire-clays of Central Georgia, U. S. 

Geol. Surv., Bull. 315, p. 303, 1907. 

6. Veatch, 0., Clays of Georgia, Ga, Geol. Surv., Bull. 18, 
1909. 


ILLINOIS 

The clay materials of this State are obtainable from the Ordovician, 
Lower Carboniferous, the Coal-measures, Cretaceous, Tertiary and 
Pleistocene. 

Little of economic value was published by the former geolo^al 
survey, but the present one has extended investigations under way. 
The distribution of the geologic formations is shown in Fig. 50c. 

Ordovician 

So far as known this is of little importance, but the Cincinnati shale, 
outcropping in Daviess and Boone counties, may prove of value^fb? 
the manufacture of brick, hollow-brick, and perhaps earthenware, 
the same material has been successfully used m Iowa, and tested with 
good results in Wisconsin. 
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Lower Carboniferous or Mississippian 

This is said to carry a few deposits of non-plastic siliceous fire-clay 
In Pope and Massac counties. (Ref. 2.) 

Coal-measures 

These underlie a large area in central, eastern and southern Illinois, 
within a line passing from Hampton in Rock Island County to the 
junction of the Kankakee and Inxjuois i-ivcrs, thence southward to 
near Chatsworth in Livingston County and eastward to the Indiana 
boundary. 

The coal-measures consist of a series of coal-beds, shales, siindstones, 
and clays, those undeilying the coal being sometimes of a refractory 
character. Owing to the mairly horizontal position of tin* beds, mining 
is usually carried on bv shaft, although at several localities, as ( ialesbui’g, 
etc., great outcrops of shale occur. 

Unfortunately, most of the jniblished information regarding these 
Caiixinifei'ous clays and shales is not of recinit character, although they 
form the basis of an active clav-w orking industry, and are much used 
for paving-brick around ( iak'sbui’g, Ilk A number of localities are 
mentione I by Woi-tluui in the old n'port of tlu^ (leologicid Smi'vey of 
Illinois' (see below). Si'vei-al analyses and fusion tests published by the 
[iresent survey are given below. 


An MASKS OK Il.MNOIS Fll{K-rK\'lS 



I 

11 

III 


V. 

vr 

\ir 

Mir 

Silica (S 1 O 2 ) 

71 AS 

(il.SS 

05. 1 1 

.55 00 

5 1 80 

5(i 28 

08 12 

58 Ofi 

Aliiiniiiii (AljOj) 

is.;u 

21.51 

21 55 

20. 17 

20 J 1 

2(i 08 

20 OS 

20 57 

Jh-rric oxide (Ke20A . . . 

1.51 

1 .SO 

1 50 

1 57 

1 70 

5 24 

J.70 

1 .25, 

Titamum oxide (TiCL) . 

1.10 

1.2») 

1 00 

1 00 

0 82 

1 .28 

1.10 

O.ll 

Volatile 

5 27 

0 S.d 

7 57 

S.25 

8 81 

10 28 

0.51 

0 81 

Moifcture 

1 il 

2..')S 

1 .02 

l.ll 

2.57 

1 71 

1 10 

4.02 

Total 

00. 18 

08.05 

OS 85 

08.20 

07.07 

00.50 

08.02 

100 IG 

Cone of fusion 

2S 

28 

20 

51 ? 

50 + 

22 + 

50 

29 + 

Burned at 1120° C. . .. 

Porous 

Hard 

Porous 

Porous 






hidT 

huff 

It.tuifT 

It. buff 

1 





I. PoUer’s clay, Round Knob, Mtutsac Counly 
TI W. Kortie farm, Massac (Vninty. Ripley formation. 

Yy'. Relays from near Monmouth, used in stoneware manufacture. Coal measures. 

V. Utica Fire Brick Co , Utica. La .Salic County. Coal measures. 

VI, Pioneer Fire Proofing Co . Ottawa, I,a Salle County. Coal measures. 

VII. Drake, Green County. Coal measuro-s. 

VIII. Clay from fault fissure between St Ixmis limestone and Mansfield sandstonea. 
I-VIII. Bull. 4. 111. State Geol. Surv.. 1907. 




Fio. 2.-View in Knof^tone shalo-pit. (’rawfor,l.svilIe. In.l. (Aftor Rlaf-hlny 
Ind. Dept. Geol. and Nat. Res., 29th Ann. Kept., 1895.) 
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OP clay in tBS ONTTED states 34T. 

Cretaceous Tertiary 

The Cretaceous Tertiary clays (Ref. 2) occur in a small area in the 
extreme southern part of the State (Fig. 50c), being a portion of the 
Gulf Erabayment area, which extends across the border from Kentucky. 

clay is light colored, white or cream, but varies to buff, brown, 
chocolate and slate. It is bedded and interstratified with sands. Im- 
mediately above the Tertiary fire-clays, there is usually a prominent 
band of brick-red clay and sand, 1 to 3 feet thick, and this in turn is 
overlain by a thin bed of cherty gravel. The fire-clay and its asyciated 
red clay outcrops in all the counties in which the Tertiary occurs, but 
Round Knob, Massac County, is the only place where it has been worked. 
High-grade refractory bond clays occur near Mountain Glen, Union 
County. 


Pleistocene 

These form a most abundant source of brick- and tile-clays in many 
parts of the State. Around Chicago these clays are lake-deposits of 
considerable extent, but they are highly calcareous and often pebbly. 
They form the basis of a large local brick industry, and the smoother 
ones hate been used for drain-tile and even roofing-tiles. In other parts 
of the State the clays are found either in the glacial drift or underly- 
in§( terraces along the broader rivers, especially the Illinois. 

The sandy loess-clay is much used at many points. 

References on Rlinois Clays 

1. Leverett, F., The Illinois Glacial Lobe, U. S. Geol. Surv., Mon. 
XXXVIL Describes distribution of drift, but is not a paper of eco- 
nomic character. 

2. Purdy, R. C., and De Wolf, F. W., Preliminary, Investigation 
of Illinois Fire-clays, 111. State Geol. Surv., Bull. 4, p. 131, 1907. 

3. St. Clair, S., Cliay Deposits near Mountain Glen, III. 111. Geol. 
Surv., Bull., 36, 1917. 

INDIANA 

The Ordovician, Silurian, Devonian, and Carboniferous contain ex- 
tehsiye shale-deposits, but only the last have thus far proven of com^ 
n^pial value. 

Ordovician 

rocks outcrop only in the southeast comer of the 
there are often covered by a thin drift layer. The only shales 
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are the Hudson River, but these are too calcareous to use, and' of no 
value even when weathered. 

Silurian 

The beds of this age underlie a large area in eastern and northcen- 
tral Indiana, but carry few shales, and these are of no value. 

Devonian 

The Devonian beds underlie a great area, extending northwest and 
southeast through central part of State, but offer little promise to the 
clay-worker, as they are usually too bituminous. 

Mississippian or Lower Carboniferous 

The rocks of this age afford residual clays and shales. 

Residual clays.—Since a large part of the Mississippian area occurs 
in the driftless region, the residual clays derived from underlying lime- 
stone and sandstones arc available, and occur at many points in Monroe, 
Lawrence, Orange, Harrison, and Floyd counties, as well as parts of the 
adjoining ones, so that they form the most important source of the 
brick- and tile-clays worked in these counties. 

Shales. — Those of the Knobstone formation (Fig. 51) are important 
and destined to become prominent in the future, although they have 
been neglected in the past. Indeed they are next to the coal-measure 
shales, the most important in the State. According to Blatchley (Ref. 
3) the Knobstone shale forms the surface-rock of a strip of territory 3 
to 38 miles wide on the eastern side of the Lower Carboniferous area, 
extending from the Ohio River southwest of New Albany in a west of 
north direction to a point a few miles south of Rensselaer, Jasper County. 

While the formation is often covered by a heavy mantle of drift, 
Inany excellent exposures have been formed by the cutting of the larger 
streams, as along the West White River near Martinsville; along Sugar 
Creek , above and below Crawfordville, and along Shawnee Creek south 
of Attica. Many additional outcrops have been found in other counties 
within the belt occupied by these shales. 

The Knobstone formation consists of blue-gray shales, shaly sand- 
stones, and sandstones, with rarely a little limestone. Nodules of sider- 
ite are not uncommon. 

These shales are utilized at New Albany for stiff-mud and dry-press 
brick; it is also possible that they could be used for sewer-pipe when 
admixed with some of the Carboniferous under-clays. 



DISTaUpi’ION OP CLAY IN THE UNITED STATES 


349 




350 


CLAYS 


Carboniferous 

The rocks of this period carry the most valuable clay-deposits of the 
State, and cover an area of about 7500 square miles in 14 counties of 
western and southwestern Indiana (Fig. 51). 

They form part of a large basin, underlying western and southwestf^rn 
Indiana and southern Illinois, so that those in Indiana are on the eastern 
edge, and therefore dip southwestward and westward. This being so, 
the lowest rocks of the section outcrop on the eastern and northeastern 
edge 0 ^ the area, while the higher lying ones outcrop farther westward. 

The Carboniferous rocks consist of a lower member, the Mansfield 
sandstone, and an upper member, the coal-measures. 

Kaolin or indianaite.— At the base of the Mansfield sandstone there 
is a thin seam of coal, which is replaced at a number of bcalities in 
Lawrence, Martin, and Owen counties by a bed of kaolin called indiana- 
ite. 

Professor Blatchley states that ‘'Wherever this kaolin is found it is 
always at the horizon of coal I. The coal and kaolin are never found 
at the same place, though often they occur but short distances apart. 
At Huron, Lawrence County, where the best-known deposit is located,* 
the kaolin lies in a horizontal stratum 4 to 11 feet in thickness, 'which is 
overlain by a sandstone, and in places contains a light-green mineral 
known as aUopfuine. The upper half of the kaolin stratum is chiefly 
composed of massive snow-white clay associated with which, near its 
upper part, are occasional concretionary masses, some (rf them a foot 
or more in diameter. These disintegrate on exposure to air, but the 
kaolin is non-plastic. 

“An analysis of the kaolin showed; 


Silica (SiOz) 44.75 

Alumina (AI2O3) 38.69 

Water (H 2 O) 15.17 

Ferric oxide (FezOa) 95 

Lime (CaO) 37 

Magnesia (MgO) 30 

Potash (K 2 O) 12 

Soda (NaaO) *. 23 


100.58 

“ WhUe of high purity, this clay is not now used, although at one time 
it wae made into alum sulphate for sizing paper.’! 
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THfere has been much discussion regarding the origin of this kaolin, 
and while two theories have been advanced to explain its formation, 
both acknowledge its residual character, and that of the inclosing rocks, 
as sedimentary. 

E. T. Cox 1 argued that the kaolin occupied the position of a limo- 
sTone bed, and that carbonated waters, acting on the latter, replaced the 
limestone with kaolinite. Thompson “ seconded this theory, but added 
the belief that the surface-water had leached the alumina and silica 
from the overlying sandstones. 

Lesquereaux , on the other hand, believed that the kaolin was formed 
by the burning-out of coal-beds, a view in which Ashley concurred. 

Although the author is not persomilly acapiainted with the region, it 
seems to him that there are certain marked objections to the latter 
theory. The burning-out of the coal would probably produce suflicient 
heat to cause some deliydration of the kaolin, whereasThere is no evidence 
of this. In just what way the kaolin resembles baked fire-clay is not 
mentioned. 

It is not necessary to suppo.se any complex chemical reactions in 
order to derive kaolin from limestone. A calcareous rock, containing 
aluminofis matter very low in impurities, might easily yield a ma,ss of 
kaolin by simple leaching, and residual limestone clays of rather high 
purity are known in Missouri and also Virginia. 

Coal-measure clays and shales. — The Coal-measures include a 
series of coals, clays, shales, and .sandstones (Fig. 52), and are found in 
a number of counties in the .southwestern j)art of the State (Fig. 51). 

Ashley® has divided them vertically into eight divisions designated 
by Roman numerals, these divisions being based on the position of some 
principal coal-beds or horizons, the type section occurring in Clay and 
Vigo counties. The Man.sficld sandstone found in general along the east- 
ern edge of the coal-field forms division I, and the main-worked coals, 
clays, and shales occur above it stratigraphically. 

A part of a typical vertical sethion showing the arrangement of the 
different strata of the'coal-mea.sures and their relation to each other 
is given by Blatchley (Ref. 3) as follows; 

Feet. Inches. 


1. Soil- and .siirfiicp-clay o 2 

2. Sandstone, massive or .shelly 2 8 

8. Blue compact .shale 27 0 

4. Coal VII 4 10 

5 . Fire-clay 6 2 


‘ Sixth Ann. Rep. Geol. Surv. of Ind., 1874, p. 15. 

*Ind. Dept. Geol. and Nat. Hist., 15th Ann. Rep., p. 37, 1886. 
*Ind. Dept. Geol. and Nat. Res., 23d Ann. Rept., 1899. 
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Feet. Inches- 


6. Drab .siliceous shale 18 0 

7. Limestone 8 8 

8. Black bituminous .shale 2 4 

9. CoalVll).. 8, 

10. l^'ire-clay .5 6 

11. Sjind.stone. . . 18 0 

12. Dark-pf ray .shale It 2 

18. Coal VI G 8 

14. Hard imp\ire bluish tire-clay 11 0 

la. Sand.stone 21 0 

1(). Blue limestone. . . 11 0 

17. Black .slaty bituminous .shah* 5 4 

18. (oalV 5 2 

1<). Fire-clay 1 8 



Fig. 52 . — Section near Cden Mine, Coal Bluff, Ind., showing association of coal.s. 
under-clays, etc. (After Blatchley, Ind. Dept. Gcol. and Nat. Res., 29th 
Ami. Kept., p. 183, 1905.) 

The fire-clays (Nos. 5, 10, 14, and 19) are almost universal accompani- 
ments of the overlying coal-seams. They ttre usually one to six feet 
thick, and are a soft homogeneous clay, whitish or gray in color, highly 
plastic, and often of excellent refractoriness. At times, however, these 
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underpays are composed of a hard, bluish, siliceous clay with more or 
less pyrite and other impurities. 

No. 14 is of this character, and similar clays usually occur beneath 
coals III and V, but those below coals II, IV, VI, and VIII are often 
)f excellent quality. 

ScThe blue, gray, and drab shales (Nos. 3, 6, and 12) make up the 
greater part of the Coal-measure rocks of Indiana, and include the most 
valuable clay-deposits found in the State. When freshly exposed they 
are usually hard, but weather down easily to a plastic clay. 

The relations of the shales, clays, and coal are such that thi three 
can often be mined by one shaft. 

The coal-measure clays and shales are worked for a variety of purposes, 
including pressed and paving brick, fireproofing, sewer-pipe, stoneware 
and fire-brick. 

At Brazil, Clay County, which is a most important clay-working center, 
the following section is instructive. 

Foot. Inches 


1. Soil and yellow clay 12 0 

2. Bowlder clay, blue 7 0 

3. Gray clayey shale 33 0 

4. Coal V 2 3 

5. Under-clay (potters’ clay) 3 2 

6. Blue clayey shale 19 0 

7. Bituminous fossil shale 1 6 

8. Coal IV 3 6 

9. Under-clr.y 5 4 


No. 9 and an overlying shale are used for sewer-pipe, flue-linings, 
wall-coping, etc. No. 3 is also used for a variety of purposes. 

The best deposits of unworked shales and clays for making vitrified 
bricks lie just east of Mecca, Parke County; west of Montezuma, Parke 
County; west of Terra Haute, and near Riley, Vigo County. 


Pleistocene Clays 

These are soft, plastic clays, found at the surface or at no great 
distance below it, and, while occurring over a large part of the State, they 
aref especially important in the northwestern part of Indiana, and on 
this account have been made the subject of a special report. (Ref. 1.) 

Tn this region three classes are distinguishable, namely, drift-clays 
or hard-pans,^’ alluvial clays, and silty or marly clays. 

The drift-clays are the most common type, forming a large percentage 
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of the unstratified morainic material, but they are usually too impure 
and calcareous for making anything but common brick and tile. 

The alluvial clays form larger deposits along the lowlands and second 
bottoms of the large streams of northwestern Indiana, having been formed 
during periods of overflow, and in some places showing a thickness of 
30 to 90 feet. 

The silty or marly clays resemble those of the preceding class very 
closely, but differ in having been deposited in bays, lakes, or harbors 
in quiet water. These clays are usually finer grained than the alluvial 
ones, tninly laminated, and often highly calcareous, so that they produce 
a buff product. They are an important source of brick and tile material 
in Benton, Newton, Jasper, Starke, Lake, Porter, Laporte,and St. Joseph 
counties. 

In other parts of the State there are many scattered deposits of 
surface-clays used for brick and tile, while south of the terminal moraine 
in southwestern Indiana there are many deposits of loess which are 
available for the same purpose. 

The analyses on pages 355 and 356 are given by Blatchley (Ref. 3) 
as representative of the different types of Indiana clays and shales. 

References on Indiana Clays 

1. Blatchley, W. S., Clays and Clay Industries of Northwestern 
Indiana, Kept, of Indiana State Geologist for 1897, p. 106. 

2. Blatchley, W. S., Preliminary Report on the Clays and Clay In- 
dustries of the Coal-bearing Counties of Indiana, Ind. Dept, of Gcol. 
and Nat. Res., 20th Ann. Rept., p. 23, 1896. 

3. Blatchley, W. S., The Clays and Clay Industries of Indiana, Ind. 
Dept. Geol. and Nat. Res., 29th Ann. Rept., pp. 13-658, 1904. 

4. See also scattered references in the other annual reports of this 
survey. 
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Analyses or Indiana Clays 



I. 

II. 

HI. 

IV. 

V. 

VI. 

Silica (SiOal 

Mumina i(Al 203 ) 

Ferric oxide (Fe 203 ) 

Ferrous oxide (FeO) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (Na20) 

Titanic acid (TiOa) 

Carbon dioxide (CO 2 ), etc 

Water (H 2 O) 

59.77 
20 GO 

2 22 

3 70 

0 04 

1 98 

3 10 

0 85 

0 80 

0 90 

4 53 

58 83 
22 84 

5 13 
1.44 

0 49 

1 50 

4 18 

0 03 

0 70 

5 ’22 

05 78 
14 79 

8 03 

0 54 

1 42 

2 82 

0 97 

1 00 

0 20 

4 98 

07 05 
19 97 

0 72 

6 48 

0 .59 

1 75 
2.29 

1 01 

3 04 

5 90 

5,5 09 
20 70 

3 00 

4 01 

1 51 

1 18 

2 30 

0 34, 
1.20 

^ 7.01 

83 44 
10.36 

0 27 

0 28 
0.36 
0.14 

0 03 
: 0.71 

1 29 

3 15 


VII, 

VIII. 

IX. 

X. 

XI. 

XII. 

Silica (SiO^) 

Alumina (AljOs) 

Ferric oxide (FeaOa) 

B'errous oxide (FeO) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K20) 

Soda (NifcO) 

Titanic acid (TiOj) 

Carbon dioxide (CO 2 ), etc 

Water (H 2 O) 

G9 23 
18 97 

1 57 

0 55 

0 12 

0 3G 

2 27 

0 33 

1 .50 

5 40 

05 25 
17 30 

2 30 

0 50 

0 20 

1 50 

0 98 

'o’so 

5 40 , 

,59 04 
19 14 

3 39 

4 20 

0 20 

2 31 

3 53 

0 80 

1 05 

0 35 

4 30 

03 88 
17 85 

5 38 

6 38 
1.47 
3.98 

1 29 
0.91 

4*99 

70 00 
13 89 

2 83 

3 .50 

0 00 

0 .50 

2 70 

1 00 

0 43 

0 51 
3,19 

00 11 
13.78 
5.35 

lie/ 

1 78 

2 11 
1.15 

0 34 


XIII. 

XIV. 

XV. 

XVI. 

.50 47 
12 77 

2 44 

2 52 

8 17 

5 22 

3 70 

0 73 

1 45 

9 SO 

3 14 

XVII. 

44 75 
38.09 
0.95 

0.37 

0.30 

0 12 
0.23 

Silica (Si02) 

Alumina (AbOi) 

Ferric oxide (FeaOs) 

Ferrous oxide (FoO) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (Na20) 

71 20 
18 .50 

1 34 
0.15 
0.14 
0 52 

0 32 

1 20 
0.88 

72 .50 
10 44 

7 45 

0 43 
0 82 

1 09 

2 05 
0 73 
0 31 

50 50 
13 11 

2 98 

2 32 

7 87 
5.00 

3 74 

0 70 

1 00 

9 02 

2 70 



Water (H2O) 

"o’ 30 

4.. 54 

15.17 
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Rational Analyses of the Preceding 



I. 

II. 

111. 

IV. 

V, 

Quartz 

26 04 

8.37 

2.37 

22.81 

8 30 

34.34 
12 58 

28 ’29 
34.77 

20.90 

2 03 
6.4:, 
1.13 
69.48 

Feldspathic detritus 

Ferrous carbonate 

Magnesium carbonate 


0.50 

52.58 


Clay substance 

63.22 

68.89 

36.94 



VI. 

VII. 

IX. 

X. 

XI. 

Quartz 

46.33 
39 28 

39.36 

1.67 

25.57 

6.86 

17.93 

42.03 

56.65 

16.63 

1 07 
0.08 
25 57 

Feldspathic detritus 

Ferrous carbonate 

Magnesium carbonate 



0.67 

66.90 


Clay substance 

14.39 

58.37 

40.04 


Locautifs of the Preceding 


No. 

Location. 

Geological Age. 


Mecca, Mecca Coal and Mining Company 

Carboniferous shale 

II. 

II <1 

III. 

^Cayuga, Cayuga Brick and Coal Company. . . . 

tt It 

IV, 

Mecca, Mecca Coal and Mining Company I 

Coal-measures under-clay 

V. 

Cayuga, Cayuga Brick and Coal Company. . . 

It tt tt tt 

VI. 

W. Montezuma, Burns & Hancock 

(( It tt tt 

VII. 

Huntingburg, Bockting Bros 

tt tt II II ' 

VIII 

Huntingburg, C. Fuchs 

tt II <1 II 

IX. 

Blue Lick 

Knobstone shale 

X. 

New Albany 

It tt 

XI. 

Martinsville, Branch & Sons 

li if 

xn. 

Terre Haute 

Alluvia! 

xin. 

Princeton ’ 

Surface Loess 

XIV 

Four miles south of Bloomington 

Residual 

XV. 

Hobart 

Pleistocene 

XVI. 

Michigan 

Plei.'^tocene 

XVII. 

Indianaite, Huron, Dr. Gardner 

Residual 


INDIAN TERRITORY' 

The greater part of the Cherokee and Creek nations and the northern 
part of the Choctav/ nation contains extensive deposits of clays of Penn- 
sylvanian age, which are very similar to the brick- and tile-clays of south- 
eastern Kansas, and the presence of gas in that region will warrant the 
development of extensive industries. In the westei^n part of the Chicka- 
saw nation the country is u nderlain with red cjay of the Pemian red 

* From liOte puppltetl by i rof^sorC. N. (^uld. Bes also, tJ. 8* Owl l^trv. 
Atlas Folios; 122, Tahlequah; Muscogee, 132; Winslow, 1^4.' Slttes thesfe desi^p- , 
^ wem written Indian and Oklahoma terHtorie^ hai^ |Q4i9ii^ 
of Oklahoma. 
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bedSj'^The same as that found in Oklahoma, while in the southern part of 
the Choctaw and Chickasaw nations the clay is of Lower Cretaceous age, 
similar to that in central Texas. 

Probably the best clay in Indian Territory so far discovered is from 
^he formation known as Sylvan Shale of Silurian age, which outcrops 
in various places in the Arbuckle Mountains in the eastern part of the 
Chickasaw nation. A company is now engaged in developing the clay- 
products at Oolite, where plants are being erected for the manufacture 
of brick, tile, sewer-pipe, fireproofing, and cement. 

IOWA 

Every great rock formation of Iowa, except one, the Sioux quartzite 
contains more or less important clay- or shale-deposits, but the difTerent 
ones represent a wide range of stnictural characters and iihysical or 
chemical properties, these variations occurring sometimes within the 
same formation, 

Cambrian 

Saiilt Croix sandstone.— This carries a few shale-beds which outcrop 
in portions of Allamakee and (Layton counties, but nothing is known 
regarding their economic value. 

Ordovician 

Galena-Trenton.— Although essentially a limestone formation, this 
nevertheless contains a few beds of shale, which may lie adaptable to 
pottery manufacture. The best exposure is on Silver Creek, Makee 
township, Allamakee County. Concretions and fossils are apt to render 
this shale worthless. 

Maquoketa shale. — This, the oldest shale formation of importance 
in the State, forms a narrow, sinuous band from Jackson County on 
the south to Winneshiek and Howard counties. The shale is divisible 
into two groups, the upper consisting of a plastic clay, with occasional 
limestone layers, while the lower is of lean fissile shales, with some earthy, 
fossiliferous beds. They are mostly red-burning, but may at times 
be quite calcareous, and though their chief use is for common brick, 
th§y have also given excellent results for earthenware manufacture 
and hollow brick. 

Silurian 

The beds of this system are practically devoid of shale-deposits. 



Fig. 53. — Map of Iowa, showing di'^trihution of clay-bearing formation^ and location of clay and shale-pits. 
(After Beyer and Williams, la. Geol. burv., XIV, 1904.) 
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Fig. 2.— Cretaceous shale, Sioux City, la, (After Williams, la. Ceol. Surv 
XIV, p. .518, lytM.) ■’ 
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Devonian 

The lowor argillaroous bods, known as the Indopcnd(‘nc 
oiitorop’ in limited measure in (Vdar, Linn, and Hnclianan counties, but 
are of no economic imjxu'tance. 

The upj)er shales, which are typically developed alont^ Lime ('rec'k 
in Cerro (lordo and Moyd counties, and at Kockford and Mason (’ity 
are of much ^rreater value. Owin^ to a variable lime-content the clavs 
burn either li^jjht red or cream, but in either casf* have yielded ^(^ul ivsiilts 
in th(! maniifactiin' of common and liollow brick and drain-tile. Tlie 
shales ar(‘ too fusible to tak(‘ a salt-^laze. 


Carboniferous 

Ih'acticallv all of the ^^reat formations of the ( arbojiiferous contain 
clays of importance, but thos(‘ of the Kinderhook and ('oal-measures are 
especially important. According to Ikwerand Williams, “ Rocks referable 
to tlie Carboniferous comprise the indurat('d rocks o\er nearly oiu' half 
of the' surface of the State. The system may be divided into two parts. 
(1) the Lower Carboniferous l)eds, w hich are prevailingly cal(*areous m 
character, and (2) the Lpper Carboniferous, in which arenaceous and 
argillaceous deposits predominate, with important lime.stone bands in 
tlu' u[)per ])orti()n. The latter division contains all of the workabl(> co.al 
in the State. On account of the abundance of raw material suitable 
for the manufacture of clay wares and cheap fuel, the Upper Carbon- 
iferous or C'oal-mcasurcs constitut(* the most imj)ortant formation to 
the clay-worker in the State. 

‘'The Lower Carboniferous compiisi's a belt averaging; from thirty 
to forty miles in width, and extendinji; diaj»:onally across the State from 
Ko.ssuth and Winneba/^o countii's on the north to l)es Moines and Lee 
counties on the south. Narrow strips have been laid bare by the lower 
courses of the Skunk and Des Moines rivers, and unimportant fletached 
areas appear in Story and Webster counties. Three Stacies represent 
^the Lower Carboniferous in Iowa, namely, the Kinderhook, Auf^usta, 
and Saint Louis.” 

Kinderhook.— The shales of this formation arc specially prominent 
in Des Moines and Lee counties: they are red- or brown-burning and used 
for common brick, 

Augusta. — These shales are of little importance except in Lee County, 
^ and' even there are rather calcareous. 
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Coal-measures 

The rocks of this age cover nearly one third of the State and carry 
a groat range of argillaceous Ix'ds grouped as (1) argillaceous, (2) arena- 
ceous, {']) carbonaceous or bituminous, and (4) calcareous varieties. 
These grade into each other both vertically and horizontally. Although 
the coal-measures are presemt in ninety-nine counties of the State, the 
clay-shales are utilized for making clay-products in but sixteen. The 
argillaceous shales are often found underlying the coal-seams, and 
arc not uncommonly of refractory character, but the calcareous ones 
contain too much limey matter to bo of great value. Those beds 
of the ('oal-moasures prominent along the Des Moines River contain 
argillaceous, bituminous, and arenaceous shales, while in the beds 
most lu'ominent along the Missouri Hiver the calcareous members are 
more })romineiit. 

It is diflicult to generalize regarding the clays of this seri(‘s, but at 
any one pt)iiit it is not uncommon to find several grades of ('lay ranging 
from common brick-clay to tire-clay in the same section. The shales arc 
worked at a number of ])oints, among which Van Metei, Dallas (Mmity; 
Des Moines, Polk ( ounty; Ottumwa, Wapello ('ounty; and Port. Dodge, 
Wapc'llo ('ounty may be mentioned. The clays are worlu'd ('ith(>r as 
open pits or undergound mining and the prod'jcts include common and 
pressed brick, paving-brick, hollow blocks, drain-tile, stonew'are, aiul 
fire-bricks. Analyses of these arc given on a later page. 


Cretaceous 

The Cretaceous of low^a consists of a low'or sandstone and shale 
seri(\s, the Dakota, and an upper series of interbedded sandstones, 
shales, and marly limestoiK^s. Th(*se rocks cowr a|)pro\imately the north- 
western third of the State, .shale-beds of this age being known in Sioux 
(PI. X X VIl , Pig. 2) , Plymouth, Woodbury, Sac, Calhoun, and Montgomery 
counties. 

The shales show about the same textural and chemical range as the 
Carboniferous ones, but on the whole are more siliceous. 

At Red Oak, Montgomery County, both white stoneware and fire-brick 
are made, and it has been suggested that washing might render the 
clay available for glas.s-pot manufacture. Other products from these 
shales are paving and common brick. 
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3. Youtz, L. A., Clays of the Indianola Bricky Tile, and Pottery 
Works, la. Acad. Sci. Proc., Ill, p. 40, 1896. 


Analyses of Iowa Clays 

ULTIMATE ANALYSES 



I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Silica (SiOd 

67 50 

61 .59 

73 43 

63.78 

58 56 

75 85 

58.05 

77.39 

Alumina (AljOs) 

15 75 

21 01 

11.94 

19.78 

22.33 

10.73 

23.05 

5.16 

Ferric of.ide (FejOa). . .. 

4.80 

4.79 

3 83 

5.75 

2.87 

1.43 

3.83 

2.40 

Lime (CaO) 

2. .57 

3.58 

1.00 

1.55 

3.60 

1.00 

0.30 

3.65 

Magnesia (MgO) 

1.57 

2.16 

0.80 

1.22 

1.44 

0.49 

2 04 

3.13 

Potash (K2O). 

0 <)5 

0.52 

0.0^. 

0.54 

0.29 

0 24 

0 90 

1.44 

Soda (NajO) 

1.56 

1.1.3 

0 95 

1.20 

1.08 

0.70 

2 04 

2.79 

Comb, water (H2O). . . . 

3 22 

4.51 

4.3.3 

2.92 

7.11 

6.38 

8.16 

1.46 

Carbon dioxide (CO2). . 

with 


0 9'0 

with 

with 

with 




noist. 



moist. 

moist. 

moist. 



Sulphur trioxide (SOa). 

with 

0 95 

1 65 

with 

with 

with 

0.86 

1.44 


moist. 



moist. 

moist. 

moist. 



Moisture 

2.88 

0 42 

0 63 

3.88 

2.98 

3 18 

o.oe 

0 13 


IX. 

X. 

XI 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

Silica (SiOa) 

.58.3.3 

IBS 

28.82 

66.44 

51 95 

44 39 

68. ‘i2 

67.92 

Alumina (AI2O3) 

15 54 

22.20 

10.37 

12.64 

18 34 

13 72 

10.21 

11.76 

Ferric oxide (Fe 208 ). . . 

3.84 

12 40 

3.76 

4 00 

7 56 


2 87 

6.72 

Lime (CaO) 

9 42 

■ilrfl] 

19.14 

4.02 

4 14 

7.88 

3 90 

■Bl 

Magnesia (MgO) 

KXiS] 

1 10 

mmm 

1.80 

3.26 

Bind 

3 16 

1.18 

Potash (K2O). 

1 19 

3.10 

5 38 

1.14 

1 43 

1.56 

0.58 

1 87 

Soda (Na20) 

1.76 


7.41 

1.90 

2.69 

5.29 

1.68 

1.92 

Comb, water (H2O) . . . 

3 47 

7.90 

16.24 

5.83 

7.39 

12.18 

1 52 

5.36 

Carbon dioxide (CO2). .. 

2.02 






5.86 


Sulphur trioxide (SO,). 

1.10 

2 40 



'’2'76 


1 45 


Moisture 


2.10 


’2!33 

0.41 

0 89 


1.49 


RATIONAL ANALYSES 



I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Clay 

52.85 

56.79 

41 47 

61 57 

57.40 

38.20 

68.20 

24.92 

Quartz 

25.99 

19.63 

55.29 

Em 

31.17 

51.10 

25.81 

51.39 

Feldspar 

15.80 

21.96 

3.24 

13.47 

4.38 

7.62 

5.99 

19.64 

Carbonates and sul- 









phates of Ca 4- Mg. . . 

5.36 

1.62 


4.43 

7.05 

3.08 


4.p5 


IX. 

X. 

XL 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

Clay 

64.47 

Biff 


38.80 

IBS 

40.61 

19.72 

39.90 

Quartz 

18.67 

■Mril! 

21.75 

36.36 

41.45 


40.29 

40.28 

Feldspar 

11.13 

' 8.81 


24.84 

6.98 

4.62 

26.74 

19.82 

Carbonates and sul- 










5.73 

3.59 

5.12 


4.49 

26.77 

14.25 
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Localities of the Preceding 


L 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 
XV. 

XVI. 


Locality. 


Flint Brick Co., Ues Moines. . . 
Iowa Brick Co., Des Moines . . . 


Flint Brick Co., Des Moines,. 

Capital CityBrick Co., Des Moines] 
J. Holman, Sargent’s Bluff. . . . 

Corey Pr. Br. Co., Lehigh 

Granite Br. Co., Cascade 

Cream Citj^ B. & T. Co., Rockford 
Boone Br. & T. Co., Boone . . 

Clermont 

Storm Lake 

Mason City 

Edge wood 

Council Bluffs 

Gladbrook 


Geological Age. 


Coal-measures 


Cretaceous | 

Coal-mea8ure.s 

Kinderhook 

Devonian 

Coal-mea.surcs 

Maquoketa 
Drift 
Devonian 
Maquoketa 
Loess (Mo.) 

Inland Loess 


Uses. 


Paving- and building-brick 
Paving-brick, builders, and 
hollow ware, bottom 
Ditto, top 

Paving-brick; green-brick 
mixture 
Brick and tile 
Common, face, paving- 
brick, sidewalk brick 
Pre8.sed face bricll and or- 
mentals 

Common and paving brick 
Brick and tile 
Paving, hollow ware, com- 
mon brick 
Brick and tile 
Drain-tile 
Brick and tile 
Brick and tile 
Soft-mud, stiff-mud, and 
pressed brick 
Pressed brick 


These* analyse.^ are all from Vol XIV, la. Oeol. Surv., and have been kindly selected as 
representative by Professor I. A. Williams. 


KANSAS 

This State probably contains an abundance of clays of low and medium 
grade, but they have not as yet been systematically investigated. The 
formations yielding them are of Carboniferous, Permian, Triassic, Cre- 
taceous, Tertiary, and Pleistocene age. 


Carboniferous 

The Coal-measures underlie a rather extensive area in eastern Kansas, 
and consist of alternating strata of limestones, shales, and sandstones, 
with occasional coals. These beds dip gently to the westward, so that 
any one bed passes under the overlying ones if traced in that direction. 

• The shales of this series are mostly red-burning and at different 
localities have been found adapted to the manufacture of common 
and pressed brick, drain-tile, vitrified brick, and more recently even for 
roofing-tile and stoneware. They were first worked at Atchison in 
1887, but since then factories have been opened up at Topeka, Pittsburg, 
-i^Rfltute, Coffeeville, etc. Those at Cherryvale are found immediately 
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underlying the Independence limestone, while the beds worked At lola 
overlie the loLi limestone. At Lawrence the beds utilized occupy a 
position near the middle of the Lawrence shales and right under the 
Oread limestone. 

The coa’-mcasurc shales of southeastern Kansas are ideally located, 
because of the supply of natural-gas fuel. The Permian outcrops to 
the west of the coal-measures being found particularly in the Flint Hills 
area, and Haworth states that the shales are purer than those of the 
coal-measures. 


Triassic 

These occur in abundance, as at near Kingman, and Prosser states 
that they have been used for paint. 


Cretaceous 

The Dakota shales are well exposed near Ralina, Dickinson County, 
but so far as known have not been utilized to any extent. 


Pleistocene 

The surface-clays are widely distributed over Kansas, but are chiefly 
important in the eastern portion. The gumbo clay, dug in many of the 
river valleys has been burned in large quantities for railroad ballast. 


References on Kansas Clays 

1. Grimsley, G. P., Kansas Mineral Products, Eleventh Bien. Kept., 
Kas. Board of Agric., 1897-98, p. 507, 1898. 

2. Haworth, E., Annual Bulletins on Mineral Resources of Kansas, 
issued by Univ. Geol. Survey, as follows: 1899, p. 57; 1900 and 1901, 
p. 60; 1902, p. 40; 1897, p. 81; 1898, p. 61. 

3. Hay, R., Geology and Mineral Resources of Kansas, Eight Bien. 
Rept., State Agric. Board, 1891-92, p. 54, 1893. 

4. Prosser, C. S., Clay-deposits of Kansas, U. S. Geol. Surv., Min. 
Res. for 1892, p. 731, 1894. 

5. Schrader, F. C., and Haworth, E., Clay Industries of the Indepen- 
dence District, U. S. Geol. Surv., Bull. 260, p. 546, 1905. 
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Kentucky possesses a great variety and valuable series of clays, but 
no detailed systematic investigation of them was ever completed by the 
old Geological Survey. Scattered references to them are found in its 
reports, and a large number of chemical analyses were published.^ 
The present Geological Survey of Kentucky has begun a systematic 
investigation and has already published several preliminary bulletins. 
(See references 5, 6, 7, 8, 9.) 

Within the State there are found a series of geologic forryations, 
ranging from the Ordovician to the Pleistocene. Sorjie of these contain 
deposits of soft plastic clays or shales, others carry flint-clays, while still 
others yield clays only as a result of surface weathering. 

A section across the State from east to west shows that the forma- 
tions are not highly folded as they arc farther castw'ard, but that they 
are rather flat, having a comparatively gentle dip, so that in any one 
area where two formations are exposed the older or the lower of the two 
may have been laid bare as the result of erosion. 

The Ordovician occupies an irregularly shaped area in the north 
central part of the State, and is bordered on the eastern and western 
sides by a strip of Silurian, while the Devonian rocks surround the latter 
on the east, west and south, forming a narrow, irregular patch, whose 
exact distribution can best be seen from an examination of a geologic 
map of the State.^ 

The Low'er Carboniferous is found in both the eastern and western 
half of the State, forming an irregular band extending southwestward 
from opposite Portsmouth, 0., through Lewis, Rowan, Menifee, Powell 
and Rockcastle counties, and then broadening considerably. It is 
exposed through the central part of the State as far westward as the 
western boundary of Hart County, where it splits, the one portion spread- 
ing northwestward to Meade County, and the other fork extending 
through the southern part of the State to the Tennessee River and then 
north to the Ohio. 

The Middle Carboniferous rocks' underlie two large areas of more or 
less solid outline. One of these areas is the eastern part of the State, 
and extends from the West Virginia and Virginia borders northwest 
and west to the Lower Carboniferous boundary. The second area forms 
a large, more or less rectangular patch, in the western part of the State, 
reaching along the Ohio River from Skillman, in Hancock County, to 


* Ky. Geol. Surv., Chem, Analyses, A., Pts. I, II and III. 

* See map issued by Ky. Geol. Surv. in 1908. 
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Blackburn in Union County. South of these points this area extends 
approximately as far as the northern boundary of Christian, Todd, 
Bogan and Warren counties. From the southeastern corner of the 
area a branch extends eastward, over most of Edmonson and Grayson 
counties. The Tertiary area occupies that portion of the State between 
the southern boundary and the Tennessee and Ohio rivers. In this area 
there are some small strips of Cretaceous in Marshall and Calloway 
counties and some broad patches of Pleistocene along the Ohio River. 

Ordovician ^ 

The Ordovician rocks supply residual clays, derived chiefly from the 
limestones, and of prominence in the Blue Grass region. They are 
probably well adapted to the manufacture of red brick and perhaps 
common earthenware. Shales occur in both the Cincinnati and the 
Hudson groups, but may be calcareous and perhaps better adapted to 
the manufacture of Portland cement than bricks. 

Silurian 

The Silurian rocks contain a number of shale formations, but their 
economic value has not been systematically investigated. A number of 
Individual occurrences have been recently described by Foerste (Ref. 7). 
The Estill, Lulbegrud and Plum Creek formations appear to be promis- 


Analyses of Silurian Shales 



I. 

11 . 

III. 

IV. 

^Silica (Si02) 

49.90 

i 58 82 

54.33 

64.48 

.Alumina (AljOO 

18.15 

18 14 

19.44 

18 90 

'Ferric oxide (Fe^O,) 

5.57 

4 83 

5 00 

5 64 

Lime (CaO) 

4 02 

0 91 

1 88 

2 50 

Magnesia (MgO) 

8.32 

1 74 

2.22 

1.71 

Potash (KjO) 

5.32 

4 71 

6.16 

4.67 

'Soda (Na,0) 

.33 

.36 

.31 

.38 

Titanic acid (Ti02) 

.93 

1.25 

1.13 

1 12 

Sulphur trioxide (SOj) ,. 

trace 

.12 

.39 

trace 

Loss on ignition 

9 94 

6 12 

7.80 

7.86 

Moisture 

2 45 

1.98 

2.20 

1.69 

Total 

99.93 

98.98 

99.85 

98.95 


T. Panola, Madison County, Plum Creek formation. 

II Irvine. Estill County. Lulbegrud formation. , 

III. Panola, Madison County. Estill formation. 

, IV. Crab Orchard. 

I-IV from A. F, Foerste, Ky. Geol. Surv„ Bull. 6, 1905. 

’ See Ky. Geol. Surv., reports on Oldham County, p. 19; Kenton County, p^l33. 
Jefferson County, p. 60; and Chem. Analyses, Pt. I, 1884, pp. 34 and 70. 
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mg. *None of thorn are firo-clays, but the possibility of utilizing them 
for brick, sewer-pipe and Portland ccniont is suggested. 

The analyses on the preceding page will give some idea of their 
composition, no physical tests having been published. 

Devonian 

Little has been published regarding the value of the Devonian shales, 
but it is probable that the weathered outcrops at least would serve for 
making common brick. * 


Carboniferous 

Lower Carboniferous.— The beds of this age are found in both the 
eastern and western parts of the State, and include several deposits of 
clays and shales. In cast central Kentucky, Foerste calls attention 



Fig. 53a, — Section showing occurrence of Sub-carboniferous clays in Kentucky. 

(After Gardner, Ky. Geoi. Surv,, Bull. 6, 1905.) 

(Ref. C) to a great mass of clays at the base of the Waverly series, 
known as the Linietta clay, and occupying about the same horizon as 
the Bedford clay of Ohio. It is more siliceous than the Crab Orchard 
clay, but not only makes as good a brick, but also sewer-pipe and paving- 
brick. The Upper Waverly is shale-bearing, but nothing much is know n 
of its economic value. J. H, Gardner (Ref. 8) has recently called at- 
tention to a series of promising clays in the Low'er Carboniferous area. 
Oft the eastern rim of the western coalfield, and including the counties 
of* Hardin, Hart, Larue, Taylor, Edmonson and Grayson. 

The beds, which include both plastic clays (sometimes refractory), 
and a white clay called “kaolin,” are found in the various divisions of 
the Lower Carboniferous, but chiefly the upper ones. Fig. 53a shows their 
mode ^f occurrence. Grayson and Hardin appear to be the only two 
,jof th^ counties mentioned in which the white clay is absent. 
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Analyses of the plastic clays and kaolins are given below: 


Analyses of Lower Carboniferous Clays 



I. 

11. 

III. 

IV. 

Silica (SiOa) 

Alumina (AljOj) 

Ferric oxide (tcjOj) 

Lime (CaO) 

Magnesia (MgO) 

Potash (KjO) 

. ^da (Na,0) 

Titanic acid (TiOj) 

Sulphur trioxide (SO3) 

Loss on ignition 

Moisture 

Total 

64.07 

22.60 

5.04 

.28 

.50 

.93 

.27 
6.86 
. 4.62 

48.09 

34.66 

.78 

.27 

.23 

.741 

.30/ 

.25 

12.68 

2 39 

44.16 

37.34 

1.28 

.25 

tr 

.53 

tr 

.31 

14.60 

2.82 

43.64 

34.57 

2.01 

.99 

.10 

.81 

tr 

.53 

15.66 

2.71 

99.78 

100.39 

101.29 

101.02 


I. Plastic clay, 1 B T«iaac place, 4 mi s. e. of Bonnieville. 
II. "Kaolin,” P Moss place, Bonnieville, Hart Co. 

Ill " Kaolin,” 5 mi. a e. of lionnieviUe. 

IV. "Kaolin,” Hibernia. Taylor Co 
MV. from Bull. 6, Ky. Oeol. Hurv., 1905. 


The “kaolins” are believed by Gardner to be of marine origin, be- 
cause: (1) they are interstratified with other sedimentary formations; 
(2) they at times show banding; (3) in one county at least they contain 
fossils; and (4) they are sometimes underlain by a thin stratum of Chester 
coal, which in turn rests on a fire-clay. The only other possible origin 
is a replacement one, which he does not consider probable. There are 
a number of occurrences of these white clays but none are worked. 

A somewhat unique occurrence is that of siliceous clays along fault 
lilies between the St. Louis limestones and cherts on one side, and the 
Chester quartzites on the other. The clay is supposed to result from 
the decomposition of the siliceous limestones and quartzites by circu- 
lating waters. These deposits have been noted at Marion and Sher- 
idan, Crittenden County, Smithland, etc. (Ref. 5). 

Coal-measures. — The coal-measures will undoubtedly be found to 
contain the most valuable clays of the State, those of the eastern coal- 
field having yielded especially valuable supplies. Very little systematic 
work has been done on them, or at least the results of it have not been 
published. 

PottsviUe.—In northeastern Kentucky an important clay bed occurs 
in the Pottsville formation (Ref. 13), and is regarded as the equivalent 
of the famous Sciotoville clay of Ohio. The clay lies u few feet^above 
the Greenbrier (Lower Carboniferous) limestone, or at times may rest; 
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directly upon it. At Olive Hill, where it is extensively worked, the 
following section is seen (Ref. 13). 


Section at Olive Hill, Carter County, 
Feot. 


1. Coal 

2. No. 3 clay 1-9 

3. Drab-flint clay 1-9 

4. “Semi-hard” clay 1-5 

5. “Pink-eye” 3 

6. Blue shale 

7. Iron ore 


8. Top of Lower Carboniferous limestone. 


Inchw. 

2-6 


4-« 


The one seam may thus yield several varieties of clay. No. 3 is the 
most important, w^hile No. 4, which is plastic, is similar to that found 
with the Ferriferous Limestone. 



Fig. 636.— Map of Northeastern Kentucky, showing flint-clay area. (After Greaves- 
, Walker, Trans. Amer. Ceram. Soc., IX, 1907.) 

Another clay horizon, which occurs directly under the Homewood 
sandstone, has been opened up at Ashland. 

Greaves-Walker (Ref. 11) states that the flint-clay can be traced 
over the counties of Greenup, Carter, Lewis, Rowan and Elliott (Fig. 
• 636),' thus underlying an area of not less than 200 square miles. It 
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does not form a continuous bed, but rather lenticular masses, which 
grade into the plastic fire-clays and less pure clays. The deposit ranges 
from 3 or 4 up to 30 feet. 


Analyses of FiRE-cLAVs from Northeastern Kentucky 



I. 

1 

II. 

III. 

IV 

V. 

Silica (SiO,) 

43 82 

43 76 

58.34 

39.56 

47.08 

Alumina (AUO 3 ) 

Ferric oxide (I'CjOj) 

39.67 

40.21 

33.34 

43.35 

36.12 

1.09 

.53 

1.02 

2.57 

2.08 

Lime (Cal)) 

1.43 

.88 

.72 

.56 


Magnesia (MgO) . 

.11 

.00 

.30 

.50 1 

j »oo 

Loss on ignition 

11.96 

14.12 

0 13 

13 09 

13.75 

Total 

98.08 

99.50 

99.91 

09.03 

99.89 

Cone of fusion 

33 

35-30 

34-35 

36 

33 


T. Semi-flint 'lay, Burnt House Mine, Olivo Hill. 

II No. 1 Hint (’lay. Burnt Hou.se Mine, Olive Hill 

III. Sandy or high .silica Hint clay. Replaces No. II around the outer edges of the lens- 

shaped deposits 

IV. "Aluminite." Olive Hill. 

V, No. 2 plastic clay, Burnt House Mine, Olive Hill. 

I-IV. Trans. Ainer. Cetain. Soc., IX, p. 461, 1907. 

Allegheny. — An important fire-clay lies in the horizon of the ferri- 
ferrous limestone, and from 10 to 40 feet above the Homewood sand- 
stone (Ref. 12). The clay, which is plastic, is wwked at Willard, Ash- 
land, Catlettsburg, etc. It is used mainly for fire-brick, and to some 
extent for pottery. 

A number of reference > to the Coal-measure clays and shales are 
found in the reports of the old Kentucky Geological Survey, but little 
is known regarding bhem.^ 

Cretaceous 

Clays of low refractoriness, dark or bluish color, and interbedded 
with sharp, fine-grained sands, occur in the western part of the State, 
and have been worked at Pottertown, east of Murray (Ref. 3). 

Tertiary , 

The most important development of Tertiary clays is found in the 
Jackson Purchase region, lying immediately west of the Tennessee River. 
These were referred to in great detail in a special report issued by the 

* Ky. Geol. Surv., Ea.stern Coal Field, 1884, pp. 30, 32, 33, 43, 140 t- 141, 201; also 
U. S. Geol. Surv., Geol. Atlas, Folio 47, London Sheet. 
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forme? Kentucky Geological Survey' (also Ref. 9, 3), and a number of 
analyses given. The materials include a variety of drab clays, siliceous 
clays and white or light colored plastic clays, which still remain largely 
undeveloped, indeed most of those mined are shipped out of the State. 
Of the many known occurrences (see Refs. 9 and 3) there may be 
specially mentioned the heavy beds of white clay from east of Wick- 
liffe, Ballard County, and those around Hickman and Columbus. Crider 
states that the largest output comes from Pryorsburg, where beds over 
100 feet thick have been proven, including white, ball and sagger clays, 
as well as others used for insulators and decorated tile. • 

The Irvine clays, of probable Tertiary age, form the basis of an im- 
portant pottery industry in Madison County. They have been worked 
around Waco, etc., and used for stoneware, roofing, tile, drain-tile and 
brick. Some are buff-burning. 


Pleistocene 

Alluvial deposits, suitable for making common brick, are to be looked 
for along many of the river valleys. 

Th5 following table gives the analyses of some of the clays said to 
be of Tertiary age: 

Analyses of Kentucky Tertiary Clays 



I. 

II. 

III 

IV 

V, 

VI. 

VII. 

VIII. 

Silica (SiO^) 

85.18 

74.10 

01.08 

5().98 

02 08 

75 55 

59 50 

03.70 

Alumina (AljOj) 

10.2G 

10.40 

28., 50 

32.10 

25 88 

10.75 

24.90 

19.30 

Ferric oxide (FcjOj) . . 

1.12 

2.70 

108 

2.10 

2 90 

1.19 

.72 

2.59 

Lime (CaO) 

trace 

.35 

.10 

trace 

trace 

trace 

.32 

.40 

Magnesia (MgO) 

.00 

.18 

.1.3 

.20 

.31 

.14 

.39 

.82 

Potash (KoO) 

.95 

.55 

1.15 

.83 

1.14 

1.09 

1 1.93 

2.80 

Soda (Na^O) 

.14 

.13 

.82 

.11 

.92 

.21 

.28 

.47 

Titanic acid (Ti02) . . . . 








1.25 

Sulphur trioxide (SOj). . 







1 ■ ■ ' ’ 

trace 

Loss on ignition 

2.27 

5.50 

’ 5.92 

7.54 

0.14 

5.04 

11.87 

5.85 

Moisture 








2.27 

Total 

99.98 

99.97 

99.98 

99.98 

99.97 1 

! 

99.97 

99.97 

99.03 


I. 'White siliceous clay, bluffs north of Columbus. Hickman County. P. 89. 
II. Hickman, Fulton County. Bluish joint day P 87. 

Ill White clay, Morris’, east of New Providem-e, Calloway County. P. 100. 
IV. White clay, Howard’s. Bell City, Gravels County. P I(X). 

V Three miles west of Lynnville, Graves County. R ItM) 

VI Panther Creek, east of Mayfield, Graves County. P |90. 

VII. Three miles south of Paducah. McCracken County. 1 . 112. 

VIII. Waco. Madison County P 166 ... . 

All from Bull. 6 Ky. Geol. Surv., 1905. The page is given after each. 


^ Report on Jackson Purchase Region, Ky. Geol. Surv. 
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References on Kentucky Clays 

1. Many reports of Ky. Geol. Surv., for summary of which see U. S. 
Geol. Surv., Prof. Pap. No. 11, 1903. 

2. Reports of Ky. Geol. Surv., Chemical Analyses, A, Pts. I, III. 

3. Crider, A. F., The Clays of Western Kentucky and Tennessee 
U. S. Geol. Surv., Bull. 285, p. 417, 1906. 

4. Crump, H. M., The Clays and Building Stones of Kentucky, Eng. 
and Min. Jour., LXVI, p. 190, 1898. 

5. Fobs, F. J., Clays in Crittenden and Livingston Counties, Ky. 
Geol. Surv., Bull. 6, p. 124, 1905. 

6. Fobs, F. J., Notes on Clays in the Western I.ead, Zinc and Spar 
District, Ky. Geol. Surv., Bull. 6, 1905. 

7. Foerste, A. F., Clays of Silurian, Devonian, Waverly and Iiwine 
Formations, Ky. Geol. Surv., Bull. 6, 1905. 

8. Gardner, J. H., The Kaolins and Plastic Clays on the Eastern 
Rim of the Western Coalfield, Ky. Geol. Surv., Bull. 6, 1905. 

9. Gardner, J. H., Clays and Sands of Jackson’s Purchase, Ky. Geol. 
Surv., Bull. 6, 1005. 

10. Greaves- Walker, A. F., Note on a High- Alumina Flirt Clay, 
Trans. Amer. Ceram. Soc., VIII, p. 297, 1906. 

11. Greaves-Walker, A. F., The Flint Fire Clay Deposits of North- 
eastern Kentucky, Trans. Amer. Ceram. Soc., IX, p. 461, 1907. 

12. Peter, A. M., Chemical Analyses, Ky. Geol. Surv., Bull. 3, 1905. 

13. Phalen, W. C., Clay Resources of Northeastern Kentucky, U. S. 
Geol. Surv., Bull. 285, p. 411, 1906. 

LOUISIANA 

The workable clays of Louisiana (Ref. 1) are all of transported char- 
acter and post-Tertiary age. Three distinct types of clay are worked in 
Louisiana, and each of these is characteristic of that portion of the 
State in which it occurs. 

The first, and oldest, is the Columbian mottled-gray clay of south- 
eastern and southwestern Louisiana. It constitutes the “pine flats" 
of the coast, and the so-called “second bottoms" of the coastal plain 
These clays have been worked at a number of points, especially along 
the Pearl, Chefuncte, and Sabine rivers. 

“The second group includes clays of later Columbian age, skirting, 
though lying 30 to 50 feet above, the alluvial valley of the modern Missis- 
sippi River. Upon the eastern bank they form a continuous bluff from 
the Mississippi State line to Baton Rouge, thence bear southwestward 
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to near*Lake Mauripas as an escarpment bordering the modern Mississippi 
alluvium. Upon the immediate front, and extending some two or 
three miles back from the river, these yellow and somewhat loamy clays 
are covered by the brown loam or loess, and in such position have not 
been worked.” But at Baton Rouge, where the loam has been largely 
removed, they are extensively dug for common brick. 

Clays of similar character and geologic age form a somewhat inter- 
rupted escarpment on the western side of the present Mississippi Valley. 
These clays have been worked at Markville, Washington, and New Iberia, 
and utilized for tile, common brick, and dry-pressed brick. The Heaviest 
and perhaps best of these deposits are found in West Carroll, Richland, 
and Franklin parishes. 

The third group includes a series of pocket-like deposits in the modern 
alluvium of the Red River. 

Near Shreveport, and further north in the bluffs of Caddo and Bossier 
parishes, are outcrops of lignite shales which may be of value. 


References on Louisiana Clays 

1. Clendenin, W. W., Clays of Louisiana, Eng. and Min. Jour., LXVI, 
p. 456, 1898. 

2. Ries, H., Report on some Louisiana Clay Samples, La. Exp. Stat., 
Pt. V, p. 263, 1899. 
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MAINE-NORTH CAROLINA 
MAINE, NEW HAMPSHIRE, AND VERMONT 

The larger portion of these three States is underlain by either pre- 
Cambrian crystalline rocks or metamorphosed Palieozoic formations, 
consequently little clay is to be looked for in these. Covering the entire 
surface* of these States, however, is a mantle of Pleistocene deposits, 
mostly glacial drift, which is employed at many places for the manufac- 
ture of bricks, as it often contains clayey members. None of the deposits 
are refractory, and indeed they may often be quite calcareous. The 
glacial clays are found in the till or have accumulated in hollows, but 
in addition to these are to be found in a series of estuarine deposits, 
represented by the clay-bcds that have been formed in the larger valleys 
during a depression of the land in Pleistocene time. The subsequent 
uplift of the surface, and their erosion by streams, has left the clays as 
terrace deposits along the valleys. Deposits of this character are com- 
monly more persistent and thicker than the preceding type of drift-clay. 

In the Penobscot Bay region of Maine (Ref. 3) yellow, gray, and 
blue-gray clays of marine origin are found between sea-level and 
the 125-foot contour, and extending farthest inland along rivers and 
tidal estuaries. They are frequently from 15 to 35 feet deep, and 
sometimes even more. Their main use is for common brick. The 
following analyses are given by Bastin: 


Analyses of Maine Brick Clays 



I. 

II. 

III. 

Silica (SiOj) 

02 80 

62.33 

61.59 

Alumina (AljO.) 

17.36 

17.70 

19.10 

Ferfic oxide (FcjO,) 

4,40 

5.19 

1 7 53 

Ferrous oxide (FeO) 

2.00 

1.72 


Lime (CaO) 

.88 

1.00 

1.68 

Magnesia (MgO) 

1.58 

1.53 

1.87 

Potash (KjO) 

3.05 

2.41 


Soda (Na,0) 

1.48 

2.38 


Titanic acid (TiO,) 

1 .87 

.79 


Imition 

1 4.39 

3.81 

5.51. 

Moisture 

1.31 

1.11 


Total 

100.12 

99.97 

97.28 


I. Clay from brickyard. Thoma^ton, Me. 
II. Hayden Point, nr. S. Thoma‘>ton, Me. 
III. Brick-clay, near Rockland, Me. 

I-III. U. S. Geol. Surv., Bull. 286, p, 30. 
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An extensive series underlies the terraces along the eastern shore of 
' Lake Champlain, where they reach a height of several hundred feet 
above sea-level. These Pleistocene clays are mostly of value only for 
making common brick and drain-tile, although the smoother ones could 
be employed for red earthenware. 

A rather important series of residual clays is found in Vermont in 
connection with limonito and manganese deposits. They have been 
recorded from Brandon, Monkton, and Bennington, as well as in Shafts- 
bury, Wallingford, Plymouth, and Chittenden. Some of these are of 
white color, and although now used chiefly for paper manufactui^, have 
also been tried for the manufacture of porcelain, stoneware, and fire- 
brick. The following analyses show the composition of one from Forest- 
dale, Vt. 

Analyses of Vermont Kaolins 


Silica (SiOi) 

1 

11 . 

48 01 

Alumina (AlsOO 

35 12 

39.99 

Ferric oxide (Fe2()3) 

0 06 

0 33 

Lime (CaO) 


0 34 

Magnesia (MgO) 



Loss on ignition 

10 55 

8 92 

Alkalies, by difference 

0 57 

1.51 

Total 

1(K) 00 

100 00 



I. J, N Nevhw anal 
II. If. Cortnichael anal. 


A decomposed talcose schist known as “fire-clay” is worked near 
Rutland, and used for patent wall-plaster, stove-lining, etc. 


References on Maine and Vermont Clays 

1. Nevius, J. N., Kaolin in Vermont, Eng. and Min. Jour., LXIV, 
p. 189, 1897. 

2. Perkins, G. H., Kept. Vt. State Geologi.st, 1908-1901, p. 52, 1904. 

3. Bastin, E. S., Clays of the Penobscot Ihiy Region, IJ. 8. Geol. 
Surv., Bull. 285, p. 439, 1906. 

MARYLAND 

•The Maryland clay-deposits (Ref. 5) occur in formations ranging from 
Algonkian to Pleistocene, and the several formations of each system 
are each more or less limited to one of the three topographic provinces 
into* which' the State is divisible, as follows (Fig. 53c): 

Coastal Plain area, containing Pleistocene, Tertiary, Jura-Trias, and 
some of the Algonkian formations; bounded approximately on north- 
west by a line passing through Wilmington, Baltimore, and Washington. 
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Piedmont Plateau region, containing Palaeozoic, Mesozoic, and pre- 
Cambrian formations. The first two yield shales, while the third gives 
a series of residual clays which may at times be of value. This region 
extends from the western boundary of the coastal plain to the Appala- 
chian Mountains. 

Appalachian region, consisting of parallel mountain ridges com- 
posed of upturned Palaeozoic strata. These are largely Devonian and 
Carboniferous shales which are abundant in Allegany and Garrett 
countie's. 

* Algonkian Clays 

These are exclusively of residual character and usually highly ferrugi- 
nous; there are, however, in Cecil County a number of scattered kaolin- 
deposits derived from feldspathic gneiss, and one near Northeast has 
been worked to some extent for use in paper manufacture. A second 
pit has been worked near Dorsey station in Howard County and used 
in fire-brick making. 

The impure, ferruginous residuals, which have been derived from a 
variety of rocks and are all red-burning, vary in thickness, and except 
in the case of limestone residuals invariably pass by slow gradation 
into the parent rock below. They are widely distributed in the Pied- 
mont area. A broad belt of limestone clay is prominent in Washington 
County. 

Silurian Shales 

Most of these occurrences have no value for brick manufacture, 
unless they have at least partly weathered to residual clays. One good 
deposit occurs near the cement-works at Pinto, Allegany County. 


Devonian Shales 

These are represented in Allegany and Garrett counties by a great 
series of shales, sandy shales and shaly limestones. In some cases the 
shales have been so altered by folding that they develop little or no 
plasticity when ground and mixed with water, while at other times they 
are of excellent value for the manufacture of clay-products. The most 
important member is the Jennings shale, which is well exposed east of 
Cumberland and has been used for the manufacture of a red vitrified 
brick. 
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Carboniferous Shales 

These are found in the western part of the State in Garrett County 
and western Allegany County. The important clay-bearing formations, 
together with their characteristics, are as follows. 

Mauch Chunk. — A red shale with intcrbedded reddish sandstones, 
which at times weathers down to a plastic clay. The outcrops flank 
the ridges of western Allegany and eastern Garrett counties, but the 
beds are not worked. 

Pottsville.— This, the only one of the Carboniferous formation's which 
has been commercially exploited in Maryland, contains a valuable deposit 
of fire-clay. The bed, which is known as the Mount Savage fire-clay, 
underlies the Mount Savage coal, and has already been opened up at 
several points on Savage Mountain, west of Frostburg, Mount’ Savage, 
and Ellerslie respectively. Outcrops have also been found near Blaine 
and at Swallows Falls, The bed sometimes contains flint-clay and 
sometimes plastic shale, the two occurring irregularly. 

Allegheny.— This outcrops on the eastern side of the George’s Creek 
coal-basin high up on the western slope of Dans and Little Allegheny 
mountains. It contains many beds of shale, but none arc worked, and 
it is doubtful if many could be used for clay-product manutacture. 

Conemaugh.— The shales of this member are usually argillaceous, 
and sometimes associated with coal. 

There are other shaly formations, but none except those mentioned 

seem promising.^ 

Cretaceous and Jura-Trias Clays 

The clay-deposits of these two ages underlie large areas in eastern 
Maryland and are perhaps the most important clay series m the State. 
They are divisible into the following groups in 

( Rancocas 

Upper Cretaceous I Monmouth 

I Matawan 
f Raritan 

Lower Cretaceous | pj^j^^psco Potomac. 

I Arundel <^roup. 

Jura Trias | p^tuxent , 

The Upper Cretaceous deposits of Mar yland are a continuation of 

« For distribution, see Reports on Allegany and Garrett counties issued by 
’Maryland Geological Survey. 
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similar beds in Delaware and New Jersey and cross the State fronl northr 
cast to southwest, being especially developed in Cecil, Kent, Anne Arundel, 
and Prince George counties. In Maryland, however, these deposits 
carry but little clay. Those of the Potomac Group or Lower Cretaceous 
are of much importance, and consist of a series of sand, sandy clays, and 
gravels which have been deposited at different periods and under vari- 
ous conditions, the result being that the most unlike materials pass into 
each other horizontally. The characters of the several subdivisions of 
the Potomac together with their uses are as follows: 

Patfaxent.— This is best developed in the upper valleys of the Big 
Patuxent and Little Patuxent rivers and is sometimes found resting on 
the crystalline rocks of the Piedmont Plateau. It is traceable as a 
narrow, irregular, and sometimes broken belt from Cecil County on the 
northeast across Harford, Baltimore, Anne Arundel, and Prince George 
counties to the border of the District of Columbia. The Patuxent at 
times contains beds of refractory clay, the best occurrences having been 
noted around Baltimore and near Sewell in Harford County. The clays, 
which commonly show low tensile strength and low air- and fire-shrink- 
age, have been used with much success for admixture with the more 
plastic Arundel clays in the manufacture of terra-cotta. 

Arundel formation.— Although highly developed in Anne Arundel 
County, the deposits of this horizon can be traced as a broken belt from 
Cecil County to the District of Columbia. The deposits form a series of 
large and small lenses of clays bearing carbonate iron ore (PI. IV, Fig. 1) 
which have commonly been deposited in old depressions in the surface 
of the Patuxent formation. They vary considerably in size, ranging 
from a few feet up to 125 feet, and are usually made up of a blue, often 
siliceous clay of good plasticity but not high tensile strength. Cecil, 
Harford, Anne Arundel, Howard, Prince George, and Baltimore counties 
all contain many beds of Arundel clay. They are mostly red-burning 
and so their chief use has been for the manufacture of common and 
pressed brick, but some has been dug near Baltimore for making sewer- 
pipe and common pottery, in fact refractory clay is at times found and 
used for terra-cotta. 

Patapsco formation. — The type exposures of this are on the shores of 
the Patapsco River, although the formation extends across the State. 
The clays are chiefly bright colored, mottled materials, which are often 
surrounded by sand-deposits. At the base of the formation there is often 
a bed of bluish stoneware clay, which is worked in Cecil County. 
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Raritan fonnation. — The beds in this formation are predominatingly 
sandy, and although at times they contain lenses of clay they are of 
far less importance than those in New Jersey. 


Tertiary Clays 

An important bed of red clay of Tertiary age extends from the 
South River south westward, showing many outcrops, especially along 
the Western and Charles branches of the Patuxent, at Upper Marlboro 
in the Potomac Valley, in Prince George County, etc. It is a somewhat 
fine-grained plastic clay, at least 20 feet thick, and burns to a good 
hard red body, but is not worked, although it coukl be used for pressed 
brick. 


Pleistocene 

This overlies the earlier formations of the coastal plain, and in some 
cases extends up on the rocks of the Piedmont Plateau, forming a mantle 
of sandy clay, loam, and gravel of varying thickness. The loams, which 
belong to the Columbia formation, arc very extensive and form an abun- 
dant source of brick material, being much used for this purpose around 
Baltimore. 

Occasionally the Pleistocene carries stoneware clays, as along C'hcsa- 
peake Bay south of Bodkin Point. 

The physical propciti^s and chemical composition of clays from 
the different formations are given below, all of them being taken from 
Volume IV of the Maryland Geological Survey. 

Analyses of Mauyi.and Clays 



i 

11. 

HI. 

IV 

V 

VI 

Silica (Si02) 

Alumina (AbOs) 

Ferric oxide (FeaOs) 

Lime (CaO) 

Magne.sia (MgO) 

Alkalies (Na 20 ,K 20 ) 

Ignition 

70 25 
17 71 
4.10 
0.70 

0 40 

1 76 
4.80 

,56 15 
33.295 
0.59 

0 17 
0.115 

9.68 

i 75 40 

1 16.73 
, 1.27 
0.35 
0.90 
, 0 .50 

5 . 30 

69 40 
19 70 
2.00 

0 20 
0.60 

0 62 

7 85 

59 70 
27.00 

2 10 

0 60 
0.52 

1 96 
: 8 20 

68 30 
21 27 

1 43 

0 52' 

0 80 
0.20 

7 55 

Total 

• 

99 72 

100 00 

100 45 

100.37 

100.08 

100 07 


VII 

VIII. 

IX. 

X. 

XI. 1 

XII. 

Silitsa (SiO^) 

Alumina (A 1203 ) 

Ferric oxide (FeaOs) 

Lime (CaO) 

Magnesia (MgO) 

Alkalies (Na20,Kj0) 

Ignition 

72 50 
17 00 

1 50 

0 35 

0 60 

1 10 
6.50 

55.65 
30 .53 

0 97 

0 75 
0.60 

0 20 1 
12.30 1 

61 00 
26 36 

0 83 

0 21 

0 10 
trace 
11.60 

46 10 
,38.05 
1.05 

0 .39 
0.60 

12.95 

58,60 
28 71 
3.22 

0 40 
0.35 
0.63 
8.90 

67 50 
17.20 

6 70 
0.45 

1.76 

5.90 

Total 

99 55 

101.00 

100.10 

99.14 

100.81 

99.51 
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Localities op the Above 


No. 

Locality. 

Geological Age. 

Uses. 

J. 

Bottom shale, brick works, Cumberland, 
Allegany County 

Devonian 

Paving-brick 

II. 

Flint-clay, Mount Savage, Allegany County 

Carboniferous 

Fire-brick 

111. 

Baldwin’s sand-pit, Raritan River. Anne 
Arundel County 

Raritan 

Not worked 

IV 

Bodkin Point. Anne Arundel County 

Pleistocene 

V 

Baltimore, Baltimore County 

Arundel 

Brick 

VI. 

Link’s pit, south of Baltimore, Baltimore 
County 

Arundel 

Terra-cotta 

VII 

Q^rpenter Point, Cecil County 

Patapsco 

Stoneware 

Vlll. 

Northeast, Cecil County 

Algonkian 

Kaolin 

IX. 

Flint-clay, Swallows Falls, Garrett County. . 

Carbonilerous 

Not worked 

X. 

Shale, Swallows Falls. Garrett County 


IX. 

Upper Marlboro. Prince George County . . . 

Eocene 

M M 

Xll. 

Residual limestone clay, Williamsport, Wa.sh- 
ington County 

Pleistocene 

Bricks 


Physical Tests op Maryland Clays 



I, 

II. 

III. 

IV. 

V. 

VI. 

Per cent water required 

19 

30 

40 

19 

22.5 

23 

Air-shrinkage, per cent 

4 

6 

11 

4 

6 

6 

Fire-shrinkage 

5 

4 

9 

6 

9 

10 

Aver. tens, strength, lbs. per sq. in. . . 

55 

40 

223 

65 

77 

110 

f incipient fusion 

01 

8 

05 

3 

1 

01 

Cone of j vitrification 

4 1 

27 i- 

2 

8 + 

0 

8 

[ viscosity 

7 i 

— 

7 

— 

10 

12 

Plasticity 

lean 

good 

high 

fair 

good 

high 


VII, 

VIII. 

IX. 

X. 

XI. 

XII. 

Per cent water required 

1.0 

30 

18 

20 

25 

35 

Air-shrinkage, per cent 

2 

6 

1.5 

5 

4 

9 

Fire-shrinkage 

4 

4 

12.5 

3.5 

5 

11 

Aver. tens, strength, lbs. per sq. in. . . . 

10 

40 

20 

100 

15 

132 

[ incipient fusion 

27 

8 

10 

3 

27 + 

05 

Cone of \ vitrification 

— 

27 + 

27 

8 

— 

6 

[ viscosity 

— 

— 

1 

10 + 

— 

10 

Plasticity 

ban 

fair 

: lean 

fair 

lean 

fair 
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Localities of the Above 


No. 

^ Locabty. 

Oeolofficat Age. , 

Uses. 

1. 

Sav£^e Mountain, Allegany County. . . 
Bodkin, Point, Anne Arundel County. . 

Mauch Chunk 

Not worked 

11. 

Pleistocene 


III. 

Two miles south of Bodkin Point, Anno 

Arundel County 

One-half mile south of Harman, Anno 
Arundel County 

tt 

ii ft 

IV. 

Raritan 

Dry-pressed brick 

V. 

Link-pit, Baltimore, Anne Arundel 
County 

Arundel 

Terra-cofta 

VI. 

Near Elkton, Cecil County 

Patapsco 

Stoneware 

VII. 

Leslie, Cecil County 

Residual 

Stove-lining 

Not worked 

VIII. 

Northeast R’vei', Cecil County 

Patapsco 

Resiaual 

IX. 

Northeast, Cecil County 

Paper-clay 

X. 

Shannon Hill, Cecil County 

Patapsco 

Residual 

Not worked 

XI. 

Dorsey, Howard County 

Fire-brick 

XII. 

Upper Marlboro, Prince Oeorge County 

Eocene 

Not worked 



Fig. 53c. — Map of Maryland, showing the distribution of clays. (After Md. Geol. 

Surv.) 

, References on Maryland Clays 

‘ 1. Bibbins, A., Md. Geol. Surv., Report on Cecil County. 

2. Cook, R. A.^ The Manufacture of Fire-brick at Mount Savage, 
Maryland, Amer. Inst. Min. Eng., Trans., XIV, p. 698, 1886. 

3. Martin, G. C., Md. Geol. Surv., Rept. on Garrett County, p. 212, 
1902. 

4. Prosser, C. S., Palsoozoic Formations of Allegany County, Jour. 
Geol., IX, No. 5, p. 409, 1901. 
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5. Ries, H., Report on the Clays of Maryland, Vol. IV, Md. Geol/ 
Surv., Pt. Ill, pp. 205-505, 1902. 

6. Ries, H., Md. Geol. Surv., Rept. on Allegany County, p. 180, 1900. 

MASSACHUSETTS 

Most of the clays dug in the State are obtained from the Pleistocene 
formations, while comparatively small amounts are taken from the 
Cretaqi^ous and Tertiary strata, and residual clays are rare. 


Residual Clays 

Two deposits of white residual clay or kaolin have been recorded 
from Massachusetts. One of these is at Blandford, Hampden County; 
the other is 4 miles south of Clayton, Berkshire County. The first 
has originated by the decomposition of a pegmatite vein in mica-schist, 
and has a width of nearly 100 feet.^ It has been used for the manu- 
facture of white brick and terra-cotta. The second has been derived 
from feldspathic quartzite or gneiss, and in its crude state is lean 
and sandy. The following analyses represent the composition of washed 
samples of the Blandford (1), and of Clayton (II) materials.^ 


Analyses op Massachusetts Kaolins 



I. 

II. 

Silica (SiOa) 

52 03 

50 00 

Alumina (ALOa) 

31 76 

44.00 

Ferric oxide (Fe 203 ) 

Ferrous oxide (FeO) 


1.00 

Lime (CaO) 


.024 

Magne.sia (MgO) 

54 


Alkalies (Na20,K20) 


1.24 

Water (H 2 O). 

15.55 


Total 

99.88 

96.264 


Residual clays are known in Essex County, but are of no com- 
mercial value. One bed of fine white kaolin derived from felsite 
occurs on the west side of Kent’s Island, Newbury. Another mass 
is found in South Lawrence, but neither have been worked, as they 
are too small. 

* Crosby, Technol. Quart., Ill, 1890. 

* This evidently represents the composition of the burned clay. The analyse ' 
is unknown. 
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Cretaceous and Tertiary Clayd 

The Qretaceous and Tertiary beds form a thick series of clays and 
sands, well exposed in the Gay Head clifts. The clay-deposits are 
pockety, owing partly to the frequent changes of conditions during 
deposition, and partly to their subsequent disturbance by the ice of the 
continental glacier as it advanced southward. These clays have been 
used to a slight extent for bricks, and somewhat for souvenir pottery. 

Pleistocene Clays 

These form the most important clay resource of the State, but con- 
tain no high-grade materials. They are extensively developed on the 
islands of Martha’s Vineyard, Nantucket, and in southeastern Massa- 
chusetts on Cape Cod, but most of these are not well adapted to brick 
manufacture, as they vary too much in burning. 

The true glacial clays are found and worked at many points. (Ref. 6.) 
Some of these were formed in estuaries, others in pools under or in 
front of the ice, while still others occur in the morainal drift and 
represent ground-up rock-flour. In the region south and east of a 
line from the mouth of the Merrirnac River to Stonington, Conn., they 
are not found above an elevation of 100 feet. Around Boston these 
glacial clays are well developed in the estuaries of the Charles, Mystic, and 
Saugus rivers north and west of Boston. The clays are bluish, plastic, 
and very fine, but may at times contain bowlders or scattered pebbles. 

Similar cluys lire extensively worked along the Mystic River at 
Milford; at Cambridge and Belmont on the Charles River; at Holyoke 
and South Hadley on the Connecticut; and at Taunton on the Taunton 
River. They are used chiefly for common-brick manufacture. There 
are but few published analyses of Massachusetts clays. Of the two given 
below, No. I is a glacial clay from West Cambridge, J. Card, analyst, 


f 

Analyser of Massachusetts Clays 


Silica (SiO,) 

48 99 • 

11. 

67.50 

Alumina (AljO,) 

28.90 

31.21 

Ferric oxide (Fe208) • 

3.89 

0.19 

Lime (CaO) 

7.1 

Magnesia (MgO) 

3.66 

0.20 

Alkalies (NaaO.KjO) 

4.73 

0.40 

Water <H.O) 

3.31 

9.83 

Total 

100.68 

99.33 
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and No. II a red clay from south end of Gay Head section. (7th Ann., 
Kept., U. S. Geol. Surv., p. 359.) 

In Essex County, in which brickmaking began* over 200 years 
ago, Pleistocene surface-clays are much used for bricks and pottery. 
They are of variable thickness, some exceeding thirty feet in depth, and 
are worked at Danversport, Haverhill, Beverly, and Salem. Some of 
the deposits are excavated below sea-level. 

It is interesting to note the variety of products made from these cqm- 
mon sprface-clays, for they include common and pressed brick, fire- 
proofing, and earthenware. A fine pottery is made at Newburyport 
from a mixture of local clay and Ohio clays. 


References on Massachusetts Clays 

t. Brown, R. M., Clays of the Boston Basin, Amer. Jour. Sci., IV, 
XIV, p. 445, 1902. 

2. Crosby, W. 0., Kaolin at Blandford, Mass., Technol. Quart., Ill, 
1890. 

3, Sears, J. H., The Physical Geography, Geology, Mineralogy, and 
Palajontology of Essex County, Mass., Clays, p. 357, 1905. 

5. Shaler, N. S., Report on the Geology of Martha’s Vineyard, U. S. 
Geol. Surv., 7th Ann. Rept., p. 297, 1888. 

5. Shaler, N. S., Woodworth, J. B., and Marbut, C. F., The Glacial 
Brick-clays of Rhode Island and Southeastern Massachusetts, U. S. 
Geol. Surv., 17th Ann. Rept., Pt. 1, p. 957, 1896. 

6. Whittle, C. L., The Clays and Clay Industries of Massachusetts, 
Eng. and Min. Jour., LXVI, p. 245, 189^ 

7. Fuller, M. L., Clays of Cape Cod, U. S. Geol. Surv., Bull. 285, 
p. 432, 1906. 

MICHIGAN 

The clays of Michigan are derived from two types of deposits, namely, 
(1) Palaeozoic shales and (2) Pleistocene clays. The former belong to 
the Silurian, Devonian, and Carboniferous. 


Silurian 

Hudson River. This formation carries a number of beds of shale, 
but most of these are either too gritty or too calcareous to be used for 
the manufacture of clay-products. 



MAINE— NORTH CAROLINA 


389 


Devonian 

Hamilton shales.— These outcrop around Alpena, but have not been 
used in thp manufacture of clay-products, although their chemical com- 
position seems* to show that they may be promising. 

Marshall series. — The shales of this formation are very extensive 
and are well developed around East Jordan, where the mellowed out- 
crops form a very tough plastic clay and are used in the manufacture 
of brick.. They form a promising clay resource, but one objection to 
them is the occasional high content of soluble salts. • 

Carboniferous 

The Carboniferous shales found in Michigan belong in the coal- 
measures, and are found interbedded with the coal-seams and sandstones. 
Three types were noted, namely, (1) a light-gray shale often underlying 
the coal and erroneously called fire-clay. (2) A black fine-grained, brittle 
shale, and (3) a dark grayish-black shale. The last two usually overlie 
the coaljseam. The shales are found associated with the coals in the 
different mines around Saginaw, Owosso, Corunna, St. Charles, Verne, 
Bay City, and Sebewaing. When ground up and mixed with water 
most of these shales give a plastic mass, but one whose tensile strength 
is usually low. They have been found in several places sufficiently 
plastic to be molded in a stiff-mud brick-machine, and used to make 
paving-brick or sewer-pipe. They usually vitrify around cones 3 and 4 
and become viscous anywhere from cones 5 to 11. The coal and the 
shales form a basin northeast of Saginaw, which has a diameter of about 
60 miles. The outcrops are found chiefly around the edge of the basin, 
and in the center the shales are not only at a considerable depth below 
the surface but there is usually a heavy covering of glacial drift or lake- 
deposits at many points. 

Michigan shales. — ^The rocks of this series form a belt from 10 to 
20 miles wide surrounding the ^bal-measure rocks in the lower peninsula. 
They are best exposed at Grarla Rapids, where they form a bed from 6 to 
10» feet thick overlying a gypsum deposit, but additional exposures 
occur in Huron and Arenac counties, as well as along the Cass River 
in Tuscola County. From laboratory tests it is found that the Michigan 
shafes are usually more fusible than those of the coal-measures and that 
they burn to a good red color, although they may in some cases contain 
an abundance of soluble salts. Samples of them taken from the weathered 
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outcrops show considerable plasticity.* These shales have iem woirliijai 
for the manufacture of brick at Grand Rapids. 

Coldwater shales.-— The deposits of this series are very extensivsi; 
and have been opened up in quarries at Bronson, Union City,*and Cold- 
water and on the northeast side of the coal-measure area*, they are well 
exposed near Forestville (PI. XXIX, Fig. I) on Lake Huron. Many 
beds of this shale series will no doubt be found to be well suited for 
the manufacture of clay-products, for samples tested show that they 
vitrify at about cone 2 and become viscous at cone 5. 


Pleisto(^ene 


The clays of this age are divisible into three groups, namely, lake- 
deposits, river-deposits, and moraine-deposits. All of these are very cal- 
careous, except the river-clays which are less so, but show a high amount 
of grit. In many cases the lake-clays have been leached in their upper 
portions and, being freed from lime, these beds nearer the surface tend 
to burn red. The lake-days are extensively developed at Detroit, Port 
Huron, South Haven, Marquette, Saginaw, and Escanaba, and are often 
found as much as 50 or 60 feet above the present lake-level. These 
Pleistocene clays are usually fine-grained, nearly always calcareous, and 
fuse at a low temperature. Their tensile strength commonly ranges 
from 150 to 170 pounds per square inch. The morainal clays form irregular 
masses in the terminal moraine and are worked at Ionia (PI. XXX, 
Fig. 1) and Lansing. Their physical properties are similar to these of 
the lake-deposits. The river-clays are less extensive. No clays of a 
refractory nature have thus far been found in the State. At Rowley 
in Ontonagon County there is found a very fine-grained calcareous clay 
which has been used as a slip. 

^ Analyses op Michigan Clays and Shales 


Silica (SiOs) 

Alumina (AbO*) 

Ferric oxide (FcjOs). . . 

Lime (CaO) 

Magnesia (MgO) 

Potash (KjO). 

Soda (Na«0) 

Carbon dioxide (COa). 

Water (H 2 O) 

Organic + 


I. 

II. 

III. 

IV. 

V. 

55.30 

44. a] 

56.50 

53.44 

55.95 

14.20 

23.7^ 

19.31 

24.80 

17.43 

3.62 

7.68 

5.89 

0.76 

7.67 

0.30* 

1.11 

1.00* 

0.25 

2.14* 

2.61t 

1.50 

i.85t 


1.55t 

] 2.15 

2.00 

5.98 



2.86 

J 

2.36 



20.75 


j 21.82 

17.64 

9.47 


12.40 


^•CacX)*. 


t-MgCO,. 





PLATE XXIX 



Fig. f. — Col(lwit(‘r fFarbonif ‘rous) shales at White Heck, near Forestville Mich. 
(After H. Hies, Mich. Geol. Surv., VIII, Ft. 1. p. 14, ]{)()().) 



Fig. 2. — Carboniferous shale used for pavin^^-brick, Flushing, Mich. (Aftet 
H. Ries, Mich. Geol. Surv., VIII, Pt. I, p. 29, 1900 ) 
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Analyses of Michkjan (Tays and i ^ uxLKs—Continurd 



VI. 

Vll. 

VIII. 

IX. 

X. 

Silica (Si02) 

()I 0!) 

51 52 

41 15 

41 80 

.52.92 

Alumina* (AhOa) 

19 19 

12 82 

10 00 

10 70 

12.25 

Ferric oxide (FcjOa) 

6 78 

2 00 

4 08 

5 02 

0 45 

Lime (CaO) 

2 51 

13 68 

21 04* 

14 3.3* 

13 84* 

Magnesia (MgO) 

0 C5 

1.25 

1 .'iOf 

2 81t 

3 .5.5t 

Potash (K 2 O). 

Soda (Na^O) 

} 


12 01 

1 55 

2.80 

3.35 

Carbon dioxide (CO 2 }. . . . 




14.. 50 


Water (H^O) ' 

5 1.3 1 



12 1.3 

8 00 

7.14 

( Irgiinie + - - ........ 

SOg 1 42 1 


1 95 

• 



1 





♦ = CaC03. t-MgCOs. 


PHYstrAL 'Pests of MrcHHaN (’iays and Shales 



I. 

III. 

IV. 

V. 

VIII. 

Per cent ILO required for mixing. . . 

20 

32 

21 


18 


5.5-05 

105 

12.5-139 

80-95 




good 

good 


high 




Air-shrinkage, per cent 

4 i 

0 

7 

7 

G 

Fire-shrinkage, per cent 

0 

10 

9 


6 

Incipient fusion, cone 

1 

05 

03 

05 

05 

Vitrification, cone 

4 

01 

2 

01 

2 

Viscosity, cone 

9 

3 

5 

2 

3-4 

Color wnen burned 

red 

red 

n'd 

deep red 

bull 


Localities of the Above 


No. 

Locality. 

Geological Age. 

U.SC.S. 

1. 

Saginaw. . . 

Coal-measures 

Not worked 

ir. 

Grand Ledge. 

Carboniferous 

Sewer-pipe 

III. 

Grand Rapids 

Michigan .series 

(y'ommon brick 

IV. 

Coldwatcr. . . 

Coldwatcr series 

(( it 

V, 

East Jordan . . 

Devonian 

Brick, Portland cement 

VI 

Alpena. ... 

Hamilton shale 

Portland cement 

VII. 

Marquette. ... 

Quaternary (lake). . . 

Not worked 

VIII . 

Ionia 

“ (glacial). . 

Brick 

IX. 

Lansing 

n (C 

Red and white brick, white tile 

X. 

i 

Rockland 

(lake). . . 

Slip-glazing 


AH of the above are taken/^ora Vol. VIII, Pt. I, of the Michigan Geological Survey. 


^^^j^eferences on Michigan Clays 

• 1. Fall^DT^Marls and Clays in Michigan, Mich. Miner, III, No. 11, 
p. 11, 1001, and Mich. Geol. Surv., VIII, Pt. Ill, p. 343, 1903. 

2. Ries, H., Clays and Shales of Michigan, Mich. Geol. Surv., VIII, 
Pt. I, 1900. 
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3. Russell, I. (\, The Portland Cement Industry of Michigan, U. S, 
Geol. iSurv., 22d Ann. Kept., Pt. Ill, p. 629, 1902. 


MINNESOTA 

The clays of this State can be divided into two groups, Tiamely, (1) 
residual clays and (2) (rans{)orted clays. 


Residual Clays 

These have been derived from eithei” crystalline rocks or limestones. 
Crystalline rocks arc abundant in certain parts of the State, but what- 
ever clays ma}' ha\’e been formed from tliem have been largely renioNed 
by glacial erosion. Deeply (h'cayed granitic gneisses are, liowever, ex- 
})osed at a few places in the Minnesota Valley, as, for exanij)le, at Redwood 
I'alls, but the (lc])osits appear to be of little value. Ijimestone residuals 
occur in the “driftless area” of southeastern Minnesota, but they arc 
overlain by the loess, and the two are worked together for brick manu- 
facture. 

Transported Clays 
Pre-Cambrian 

Argillaceous slates of Kewaatin age have been worked for making 
dry-pr('ss brick at Thompson, thirty miles southwest of Duluth; but the 
enterprise has not been highly successful, although the plant was in 
operation in 19f)4. 

Ordovician 


Shales of this age are found only in the southeastern quarter of 
the St;ite, and are well exposed in the Minnesota river bluffs near St. 
Paul. The shales are usually interstratified with limestones, and may 
themselves be calcareous, so that only certain beds can be used. These, 
however, have been successfully worked at St. Paul for ])ressed-brick 


manufacture. 


Cretaceous 


V 


\ 


The Cretaceo\is beds are probably the most\'al liable clay resource 
of the State, but unfortunately the only im{)ortantS,xyurrencc occupies 
but a very limiteil area near Red Wing (PI. XXX, Fig. 2),kj'here it Iras 
been worked for some years to make an excellent grade of stoncwari'. 
Other deposits are knowm in the western half of the State, but arc deeply 
covered by drift as well as being of poor quality. 
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Pleistocene 

'Wjlacial clays, represented hy till-deposits, lake-deposits, or stream- 
deposits, are of importance in Minnesota, for common-brick manufacture 
at least.* They are either red- or cream-burning, depending on the pre- 
dominance of iron or lime. 

Representative of the first of these three subtypes are the deposits 
near Princeton, Mille Lacs County. Tliose of the second, which were 
proba])ly of interglacial age, occur near the eastern border of the State, 
a specially important one being worked at Wrcnshall, Carltop, County. 
The third subtype, which includes river silts deposited during the with- 
drawal of the ice, is prominent in two areas, namely, along the present 
Minnesota River from Shakopee to New Ulm and along the Mississippi 
River from Minneapolis to Little Falls. In both cases the worked clays 
underlie terraces bordering the present river channels. They are exten- 
sively worked at Chester and Minneapolis. 

Loess-deposits. — Most of the clays worked on a small scale belong 
to this type, but all arc not true loess accumulations. In this class 
belong the Red River Valley clays, worked at Moorhead and East 
Grand ‘Forks. 

Analvsks of Minnesotv Clays 



I. 

II. 

III. 

IV. 

Silica (SiOj) 

()9 SI 

(io di 

59 72 

73 34 

Alumina (AIXL) 

2:i 07 

2:i 77 

dO 00 

11 75 

Ferric ovide (Ft\.().i) 

0 4S 

7 9t) 


5 15 

Lime (CaO) 

0 11 

2 T) 

0 S2 

0 28 

Magnesia (.MgO) 

Potash (KjO) 

0 14 

1 75 

2 42 

0 51 

0.05 

Soda (Na,0) 

■ 1 trace 


t race 

Water (H^O) 

(» :Vy 


10 :u I 

4 71 

Total 

on 99 

9S 71 

10] 39 1 

i 

98 58 


I. Red Winji. (Joodhue Counly .f H Rieli ^ewer-pipe work^. 
11. Minneapolis, Mel^eod County M (’ MadMien, anal. 

III. Ottawa, TjO'iueur County Ottawa Mrick ('o 

IV. Mankato, Blue Earth (bounty. Mum, Ocol. Surv., 1873. 


Refer«^i!es on Minnesota Clays 

* 1. Grout, F. F., CJ^ and Shales of Minnesota, U. S. Geol. Surv., 
Bull. 678, 1918.V^ 

. 2. Winch^W^ A., County descriptions in the series of Final Reports, 
Vols. Utffand IV of the Minn. Geol. and Nat. Hist. Surv. 

3. Winchcll, N. H., Brick Clays, Minn. Geol. and Nat. Hist. Surv., 
Miscel. Pub., No. 8, 1881. 



398 


CLAYS 


MISSISSIPPI 

The clay-bearing formations of Mississippi include the Devonian, 
Sub-carboniferous, Cretaceous, Tertiary and Quaternary, and form 
perhaps the most important mineral asset of the State. The general 
distribution of the clay-bearing formations is indicated on the map 
(Fig. 53d). All of these are not of equal importance. Both the Devon- 
ian and the Sub-carboniferous carry beds of shale, but they do not ap- 
pear to 'nave been worked. 

Of the Cretaceous formations the Tuscaloosa is the most valuable, 
and in its lower portion at least is made up largely of plastic clays of 
varying grades, which have been used to a small extent for common 
stoneware and fire-brick (Ref. 1). 

The Selma chalk, though carrying no beds of clay, yields a residual 
one, which is used for brick-making. 

The Tertiary contains three important clay-bearing divisions, viz., 
the Wilcox, Jackson and Grand Gulf. 

The Wilcox is the most valuable, and contains a wide variety of 
plastic materials, ranging from coarse, sandy clays, which could be used 
for sand-lime brick, to white pottery clays, such as those found at Holly 
Springs and Oxford. These have been developed mainly in the central 
portion of the Wilcox area, where they form part of a belt coming from 
Tennessee, and extending southward to Winston County. A thriving 
local stoneware imhistry has been built up upon them (Ref. 2). 

The Jackson beds of the [upper Eocene carry vast deposits of cal- 
careous clay, as yet but little utilized, while in the Grand Gulf forma- 
tion there are both siliceous and plastic clays. 

The younger formations of the (Quaternary furnish an abundance of 
sandy brick and tile clays. 

The analyses on p. 400 have been selected by Prof. Logan as typical 
ones: 


References on Mississi^ Clays 


1. Crider, A. F., Geology and Mineral Res^w^s of Mississippi, 
U. S. Geol. Surv., Bull. 283, p. 49, 1906. 

2. Eckel, E. C., Stoneware Clays of Western Tennessee ancL'Jorthern 
Mississippi, U. S. Geol. Surv., Bull. 213, p. 382. 

3. Hilgard, E. W., Report on the Geology of Mississippi, p. 244, 1844. 



F|d* 03d.— 'Map of Mississippi showing the geologic age and distribution of the cla^ 
bearing formitions. (After W. N Logan, Miss. Geol. Surv., Bull. 2.) 
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4. Logan, W. N., and Hand, W. F., Preliminary Reports on the 
Clays of Mississippi, Miss. Geol. Surv., Bull. 3, 1906. 

5. Logan, W. N., The Clays of Mississippi, Miss. Geol. Surv., Bail, 
2, 1907. 


Analyses op Mississippi Clays 



I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

Silica (SiO,) 

Alumina, (Al,^) 

Ferric oxide (fe,Os) 

74.45 

71.67 

77.57 

75.11 

71.13 

67.72 

59.22 

GO.OO 

03.35 

11.62 

8.10 

7.25 

10.70 

9.12 

10.86 

10.30 

27.80 

13.70 

3.38 

7.90 

6.25 

5.50 

7.75 

5.51 

4.70 

.76 

7.00 

Lime (CaO) 

1.69 

.90 

.60 

.60 

.42 

.85 

1.68 

1.38 

.80 

Magnesia (MgO) 

.94 

.94 

1.90 

.47 

.63 

.70 

1.18 

.00 

.CO 

Sulphur trioxide 

.43 

.62 

.17 


.081 

.54 

.23 

.20 

.34 

Ix)ss on ignition 

4.23 

4.85 

3.70 

3.20 

4.92 

8.01 

7.00 

8.20 

6.30 

Moisture 

2.81 

2.15 

2.13 

1.81 

4.95 

4.25 

10.06 

.69 

6.C2 

Total 

99.65 

97.13 

99.47 

97.39 

99.00 

98.44 

94.37 

99.02 

99.21 

Clay substance 

29.39 

20.49 

18.34 

27.07 

23.07 

27.47 


70.45 

34.66 

Frftft flilica 

60.89 

62.15 

69.05 

62.53 

60.41 

12.77 


17.35 

' 47.24 

Impurities 

8.44 

10.36 

8.82 

6.57 

8.88 

7.60 


2.33 

9.64 

Total shrinkage, per cent. . . 
Tens, strength. Ids. per sq. 

6f 



72 

10 

8 

15 


8 

in 

115 

100 

60 

87 

75 

187 


133 

Water required, per cent. . . 

19 

20 

15 

18 

17 

27 


16 


I. Yasoo alluvium (buckshot clay), Clarksdale. 

II Yasoo alluvium (sandy). 

Ii 1. Brown loam, Columbia formation, Pontotoc, 

IV. Loess, Batesville. 

V. ‘‘Joint clay." Lafayette formation, Aberdeen. 

VI. Brick clay, Jackson formation, Jackson 

VII. Siliceous clay, Claiborne formation, Vaiden. 

VIII. Pottery clay. Wilcox formation, Wilcox. 

IX. Residual clay from Selma chalk formation, Aftricultural College. 
Nos. I-IX from Miss. Geol. Surv., Bull. 2. 1907. 


MISSOURI 


In the variety of its clays Missouri (Ref. 6) stands well up towards 
the head of the clay-producing States. As pn be seen from a glance 
at the map (Fig. 54), the clay-bearing formations range from Cambrian 
to Pleistocene, exclusive of Cretaceous, and JuuvTrias. 

A discussion of the clays by formations is not plsp^aps wholly satis- 
factory, but is better in order to maintain uniformity of t?:eatment as 
far as possible. 



Fio. 54. — ^Map of Missouri, showing distribution of clay-bearing formations, and location of day-pits. 

(Adapted from Wheeler, Mo. GeoL JSurv., XI, p. 48, 1896.) • * 
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Palaeozoic Limestone Clays 

These consist of four kinds, namely, kaolins, flint-clays, ball-^JayS 
and stoneware-clays. 

Kaolins.— The Missouri kaolins occur south of the Missouri Rivei 
(Fig. 55) and are separable into three districts. These, together with 
the formations in which the kaolin occurs, are: 



Fig. 55.— Map showing distribution of Missouri kaolins. (After Wheeler, 
Mo. Geol. Surv., XI, p. 200, 1896.) 


Southeastern district of Cape Girardeau, Bollinger, and Howell 
counties, in Ordovician and Cambrian limestones. 

Central district of Morgan and Cooper counties, in Ordovician lime- 
stone. 

Southwestern district of Aurora and Lawrence counties, in Mississip- 
pian limestone. 

According to Wheeler, the kaolins appear to be the insoluble fine 
residual matter left by the removal by solution of heavy beds of limestone. 
Only those of the southeastern district have been worked, and these to 
but a limited extent. The output has been sold for use in the manu- 
facture of white ware, paper, or kalsomine, and Glen Allen is the most 
important locality. 

Flint-clays. — These are compact, dense, flinty clays with a con- 
choidal fracture, which are found filling pockets or basins in limestone. 
The deposits range from 50 to 200 feet in diameter 15 to 50 Jfeet 
in depth, while between the limestone wall and the clay thet'Svig^ usually 
a sheet of sandstone several feet thick (Fig. 56). The pockets are 
thought by Wheeler to be old sink-holes in limestones that have be- 
come filled by aluminous matter being washed into them, but he further 
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\uggests that since this they have been slightly altered chemically by 
*leiAt^^n|g with a recrystallization of the kaolinitej indeed, their remark- 
able freedom from impurities and high alumina content are puzzling 
features. • 

The flint-clays occur in the eastern-central portion of the State 
(Fig. 54), at a distance of 40 to 140 miles west of St. Louis, along the 



Fio. 56.— Section of a Missouri flint-clay deposit. (After Wheeler, Mo. Geol. Surv., 
» XI, p. 202, 1896.) 

Wabash, Rock Island, Missouri Pacific, and Frisco railroads; but although 
the clays occur in sub-Carboniferous and Ordovician limestones, they 
were possibly formed in Cretaceous times. 

The flint-clays show the following properties: hardness, 2.5 to 3.5; 
specific gravity, 2.33 to 2.45; slaking qualities, none; plasticity, very 
low; tensile strength, 10 to 38 lbs. per sq. in.; air-shrinkage, 2.5 
to 3.5 per cent; fire-shrinkage, 9 to 14 per cent; incipient fusion, 
about 2300° F., but unaffected at 2700° F. and able to withstand 
3000° F. Average composition: Si02, 45.8 per cent; AI2O3, 40 per cent; 
H20, 14.2 per cent. Their silica-alumina ratio has led Wheeler to suggest 
that they contain pholerite rather than kaolinitc, or at least a mixture 
of the two. Flint-clay bricks have high powers of heat resistance, but 
low abrasive resistance. They work well in the arch of an open-hearth 
furnace or in the checkervrork of a regenerator. 

• Ball-clays. — ^These appear to have been derived by the weathering 
of flint-clays. • 

^ Stoneware^ays.— These have a similar origin to the flint-clays, 
but are less pure and have not been consolidated by secondary chemical 
^ehanges. They are of local extent, and are found in rocks ranging from 
the Lower Carboniferous down to the Cambrian, but the Burlington 
and Trenton limestones appear to be the most favorable situations. 
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Coal*ni6a8ureg 

The Coal-measuies of Missouri contain two impoHant smee <rf de^ItSi 
namely, plastic fire-clays and impure shales. 

Plastic &e-clays.— All of the Missouri plastic fire-clays occur In 
the Carboniferous, at the base of the Coal-measures, and are found 
IQ the eastern part of the State in two different basii^ known respect- 
ively as the St. Louis and Mexico areas. The former is on the western 
edge of the eastern interior coal-field, and the latter on the eastern edge 
of the western interior field. 

In the St. Louis basin there are several beds of clay and shale, but 
only the St. Louis fire-clay seam is refractory. This has an average 
thickness of 6 to 8 feet, with a sandstone floor, a thin bituminous coal- 
roof, and is worked by shafts (PI. XXXI, Fig. 1) or adits. It, is hard 
when fresh, but disintegrates on exposure. 

A special grade known as pot-clay comes from a purer. and more 
uniform seam near the middle or top of the bed. 

The St. Louis clay is coarse-grained, often carries pyrite, and although 
high in iron, still the latter is uniformly distributed and finely divided. 
The range of physical properties of this clay is given by Wheeler as 
follows: average tensile strength, 80 to 150 lbs. per sq. in.; air-shiink- 
age, 6 to 9 per cent; fire-shrinkage, 4 to 8.5 per cent; vitrification at 
2300° to 2450° F.; viscosity, 2500° to 2700° F. This clay is much used 
for glass pots, zinc-retorts, and gas-retorts. It also makes a durable 
fire-brick if not exposed to excessive heat, as its fusion-point does not 
Exceed cone 30 or 31. 

The average composition of seven clays was as follows; 

Average Composition of St. Louis Fire-clay 



Mine-nin. 

WMhed. 

Combined silica (SiO?) 

32 

32 

Free silica (Si02) 

30 

26 

Alumina (AljO,) 

24 

24 

Ferric oxide (Fe 203 ) 

1.9 

1.85 

Ferrous oxide (FeO) 

1.2 

1.00 

Lime (CaO) 

r 

.7 

Mafpiesia (MgO) 

,3 

2 

Potash (KjO). 

.6 

.66 

Soda (Na,0) 

2 

.10 

Sulphur (S) 

3 

.18 

Sulphur trioxide (SO») 

36 

- .40 

Water (HjO). 

10.6 

^ 30 

Moisture 

2.7 

‘ 3 

Total fluxes 

6.5 

4.8 


.. The Mexico clay includes one bed which is worked 

and Vandalia.^ It ranges from 6 to 40 feet in thiekna^l^ 



rLA'l'K XXXI 






I* IQ* 1. 1 hoto of sh«ift-lioiiso tincl (‘rushiiig-houso jxt firo-cl«iy iiiiiic St Loii 

(Photo by L. Parker.) 



Fig. 2. — Pit of Raritan (Cretaceous) clays, Woodbridge. N. J. (After H. Ries, 
N. J. Geol. Surv., Fin. Rept., VI, p. 340, 1904.) 
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. lower 6 to 12 feet are worked, and this through shafts. The range of 
physic&l properties is given by Wheeler as follows: Average tensile 
strengtby.40 to 80 lbs. per square inch; air-shrinkage, 4 to 6 per cent; 
fire-shrinkage, 6 to 7 per cent; vitrification, 2400° to 2600° F.; viscosity, 
2600° to 2700° F. The average composition is also given by Wheeler 
as follows: 


Silica (Si02). 52.00 

Alumina (Aj203). 33.00 

Ferric oxide (Fe203) 1.5 * 

Lime (CaO) 5 

Magnesia (MgO) 7 

Alkalies (Na20, K2O) 12.00 

Total fluxes 3.4 


Stoneware-clays.— Those found in the coal-measures are the most 
important known in the State, including many clay- and shale-beds, the 
most extensive of which are found in Henry County. They have been 
much used by potteries in Kansas as well as other portions of the West 
and Southwest. The so-called fire-clays of the barren coal-measures 
are usually impure, and consequently fusible and likely to blister or 
give a dark body after burning. The true fire-clays have also been 
used to some extent for stoneware. 

Impure shales.— Many excellent beds of these are found in the coal- 
measures. They are all impure, but are eminently useful for making 
paving-brick, sewer-pipe, drain-tile, roofing-tile, terra-cotta, brick, and 
hollow waipe, but they are not usually pure enough for refractory goods, 
stoneware, or white ware, and their main use has been for paving-bricks. 
Nearly all of them make a fair grade of brick by any process of molding, 
but the majority have to be finely ground or weathered. 

In their physical properties the range is: average tensile strength, 
50 to 250 lbs. per sq. in., usually between 125 and 175 lbs.; water re- 
quired for tempering, 16 to 26 per cent; air-shrinkage, 4 to 8 per cent; 
fire-shrinkage, 1 to 10.6 per cent, but usually 4 to 6 per cent; incipient 
fusion, 1500° to 1700° F.; ^trification, 1700° to 1900° F. 

• The lunge of chemical composition is given by Wheeler as: 


Silica*(Si02) 50-76 

Alumina (AI2O8) 10-27 

Ferric oxide (Fe208) 3-10 

Lime (CaO) 5-2 

Magnesia (MgO) 5-2 

Alkalies (Na20, K2O) 3-4 

Water (H2O) 5-12 

Total fluxes 10-15 
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Tertiary 

The Tertiary beds occupy a small area in the southeastern corner 
of the State. They contain much clay admirably adapted to stone- 
ware manufacture and which is dug to supply local potteries. An 
important deposit is known at Commerce. 

Pleistocene 

Pleistocene clays are widely scattered over the State, and form the 
main supply of material for common brick, although a few are suffi- 
ciently pure and plastic for stoneware manufacture. 

Three types are recognizable: 

1. Loess-clays, confined mostly to the neighborhood of the larger 
streams, especially the Missouri and Mississippi. They are yellow to 
brown in color, unstratified, and often of columnar structure. Their 
thickness is considerable, 75 to 100 feet being common along the lower 
Missouri, while at the Iowa line they have a thickness of 200 feet. The 
loess extends from 3 to 10 miles back from the streams, and appears 
to get stronger as the distance from the rivers increases, this change 
interfering with its being worked by the mud process. It is, however, 
the most valuable of the surface-clays. 

2. Glacial clays, of varying character, confined to the counties north 
of the Missouri River and rarely over 50 feet thick. The material is 
usually very strong, red-burning, and often contains bowlders of con- 
cretions, but occasionally shows beds of better clay suitable for stone- 
ware or drain-tile. 

3. Alluvial clays, found along the present streams, and of little im- 
portance. 

The tables on pp. 361, 362 give the analyses and phyical tests of a 
number of Missouri clays which may be regarded as representative. ^ 

References on Missouri Clajrs 

1. Keyes, C. R., The Geological Occurrence of Clay, Mo. Geol. Surv., 
XI, p. 35, 1896. 2. Keyes, C. R,. Distribution and Character of Mis- 
souri Clays, Min. Indus., VI, p. 127, 1897. 3. Ladd, G. E., Notes on Cer- 
tain Undescribed Clay Occurrences in Missouri, Science, n. s., Ill, p. 
691, 1896. 4. Ladd, G. E., Mo. Geol. Surv., Bulls. Nos. 3 and 5. 6. Sea- 
man, W. H., Zinciferous Clays of Southwestern Missouri, AmerT^our.. 
Sci., iii, XXXIX, p. 38. 6. Wheeler, H. A., Clay-deposits, Mo. Geol. 


‘ These were selected for the writer by Professor H, A. Wheeler. 
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Surv., XI, 1896. 7. Wheeler, H. A., Clays and Shales (Bevier sheet), 
S Mo. Geol. Surv., IX, sheet rept. No. 2, p. 57, 1896. 8. Wheeler, H. A., 
. Fire-clays of Missouri, Amer. Inst. Min. Eng., Bimonthly Bull., Jan., 
19o!!* 9. Orton, Jr., E., The Kaolin Deposits of Bollinger County, 
Mo., Trans. Amer. Ceram. Soc., IX, p. 62, 1907. 10. Fenneman, N. M., 
Clay Resources of the St. Louis District, Mo., U. S. Geol. Surv., Bull. 
315, p. 314, 1907. 11. Miihlhauser, 0., Tonindustrie-Zeitung, 1903, p. 
606. Abs. of a series of articles published in Zeitschr. ang. Chem. 
Analyses of Missouri Olays 

ULTIMATE ANALYSES 



I 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII 

Silica {Si02) 

Alumina (AI 2 O 3 ) 

Ferric oxide (FeaOa). . . 

Lime (CaO) 

Magnesia (MgO) 

Potash (KjO). 

Soda (Na20) 

55.12 

30.71 

1.51 

0.54 

trace 

}l.37 

72 30 
18.94 
0 40 
0.68 
0 39 

0 42 

54.90 
18.03 
6 03 
2.88 
1 10 

3.40 

6 72 
6.90 

74.39 

12.03 

4.06 

1.50 

1.52 

3.01 

43.82 

38.24 

0.23 

1.93 

0.73 

71.94 
17.60 
2.35 
0 62 
0.56 

1.51 

1.01 
5 27 

54 80 
23.73 
8 67 
0.64 
2.23 

3.80 

72.00 

11.97 

3.51 

1.80 

1.35 

3.25 

Comb, water 

10.56 

7 04 

3.17 

14.94 

6 00 

6.42 


IX. 

X. 

XI. 

xn. 

XIII. 

XIV. 

XV. 

Silica (Si02) 

Alumina (AbOa) 

Ferric oxide (Fe 203 ) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O) 

Soda (NaaO) 

49 04 
34 85 
0.71 
1.33 
1 04 

}o.85 

65 01 
19 30 
4.91 
1.40 
0.40 

2.60 

61.19 

15.48 

5.49 

1.95 

1.56 

2.82 

59.36 

23.26 

3.06 

0.65 

0.42 

0.63 

1.01 

0.35 

2.74 

10.20 

60 70 
18.22 
7.58 
2.68 
trace 

3.67 

73 92 
11 65 
4.74 
1.45 
0 60 

3.13 

43.56 

41.48 

0.35 

0.45 

0.20 










i 03 
5.51 

3.11 

9.02 


2.18 
3 08 

14 05 

Comb, water 

12 33 

7.77 


Physical Tests of Missouri Clays 



I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Size of grain 

Aver, tensile strength, 

C.* 

V.F. 

V.F. 

C. 

V.F. 

V.F. 

V.F. 

F. 

* lbs. per sq. in 

% HaO for plasticity. , . 
I^ticity •. 

62 

12 

380 

131 

8 

150 

115 

151 

14 8 

23.2 

22.3 

17.2 

15.1 

16.5 

21.5 

18.4 

lean 

lean 

very 

plastic 

lean 

veiy 

lean 

plastic 

plastic 

lean 

Ai^shrinkage, per cent . 

4 4 

4.0 

9.6 

5.7 

3.1 

5.5 

5.9 

5.1 

Fire-shrinkage, per cent. 

6.4 

8.4 

1 4 

4.3 

11.6 

2.2 

2.8 

5.7 

Speed 

R. 

S. 

8. 

R. 

S. 

S. 

V.S. 

R. 

Incipient fusion, degs. F. 

2200 

2200 

1600 

2000 

2350 

2100 

1.500 

2000 

Complete fusion, degs. F. 

2400 

2500 

1750 

2000 

2700 

2300 

1700 

2200 

Viscosity, degrees F. . . . 

2600 


1900 

2300 

2700 

2500 

1900 

2200 

Specific gravity 

2.46 

i.89 

2.01 

2.09 

2.85 

2.34 

2.37 

2.17 


♦G-ooansej V.F.-veiy fine; F.-fino; S.-slow; R*tap{d; V.S.- very slow. 
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Physical Tests of Missouri Clays— C on<int<ed 



IX. 

X 

XL 

XII. 

XIII 

XIV. 


Size of grain 

Aver, tensftle strength, 

V.F. 

c. 

V.F. 

C. 

C. 

c. 

F. 

lbs. per sq. in 

198 

92 

273 

78 

177 

173 

13 

% H^O for plasticity . . . 

23.4 

18.4 

23.1 

15.0 

20 

17.1 

15.2 

Plasticity 

plastic 

slightly 

I^n 

very 

plastic 

lean 

plastic 

plastic 

very lean 

Air-shrinkage, per cent . 

7.7 

6.2 

8.0 

6.3 

6.3 

5.3 

2.4 

Fire-shrinkage, percent. 

9.8 

3.6 

1.6 

5.4 

8.3 

6.5 

8.9 

Speed. 

S. 

R. 

V.S. 

R. 

R. 

R. 

S. 

Incipient fusion, degs.F. 

1800 

1850 

1650 

22.50 

1700 

1800 

2400 

Complete fusion, decs. F. 

2100 

2060 

1800 

2450 

1900 

1 1960 

2700 

Viscosity, degrees F 

2400 

2250 

1950 

2650 

2100 

2050 

2760 

Specific gravity 

1.09 

2.41 

2.05 

2.41 


1.98 

2.39 


Localities op the Preceding 


No. 

Locality, 

Geological Age. 

Uses. 

I. 

Mexico 

Coal-measures 

Fire-brick 

11. 

Glen Allen 


White ^yare 
Railway ballast 
Red brick 
Fire-brick 
Stoneware 

III. 

Norbome 

Pleistocene . . . 

IV. 

V. 

Jefferson City 

Leasburg 

Coal-measures 

VI. 

CalhounT 

Coal-measures 

VII. 

Kansas City 

<( u 

< < 

Paving-brick 

VIII. 


Red brick 

IX. 

De Soto 

Residual. . . . 

White ware 

X. 

Moberlv 

Coal-measures 

Paving-brick 

XI. 

St. Peter’s 

Pleistocene . . . 

Railway ballast 
Fire-brick 

XII. 

St. Louis (Evens and Howard) 

Coal-measures 

XIII. 

Prospect Hill, St. Louis 


Roofing-tile 

Red brick 

XIV. 

St. Louis (Hyd. Pr. Co.) 

Truesdale (Kelley’s pit) 


XV. 

a 

Fire-brick 


MONTANA 


Montana has never assumed prominence as a producer of clay pro- 
ducts, and there is but little published information on the clays of that 
state, although the presence of good ones will no doubt be demon- 
strated when the demand for them develops. 

Common brick clays are known to occur in many parts of the State, 
but the only fire-clay district of importance which has been developed 
is that lying in the eastern part of Cascade County. . 

In this region the Kootenai formation of the lower Cretaceous 
is known to carry important deposits of refractory clay, which have 
been worked at Belt and Armington, small coal-mining towns lyinj; 
in the northwestern part of the area. 
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Tha section of the Kootenai formation in this area shows about 
450 ft. of sandstones and shales. Near the center of the section is a 
bed of fire clay which was formerly mined, while about 100 feet above 
the base of the section is a bed of plastic clay, which is now extracted 
in considerable quantities. Although the clay is found at a number 
of points, it does not represent a continuous deposit. Moreover the 
beds, while appearing horizontal to the casual observer, are bent into 
a series of very gentle folds and also broken in places by small faults, 
having a throw of from 5 to 15 feet. 

The plastic clay is shipped to Anaconda where it is usedP for the 
manufacture of fire bricks to supply the large smelters at that locality. 

The following analyses, given by Fisher, represent the composition 
of the plastic fire clay. 


Analyses op Fire Clays from Belt Region, Montana 



I 

n. 

Silica (SiO,) 

55.38 

53.70 

Alumina (AljOs) 

30.86 

27.20 

Ferrous oxide (FeO) 


5.00 

Lime (CaO) 

0.40 

tr. 

Magnesia (MgO) 

Ferric sulphide (FeSj) 

2.23 

tr. 

Soda (Na^) 

Potash (KjO) 

0.20 


1.04 

i'.oo 

Sulphur trioxide (SO,) 


0.30 

Moisture 

6.84 


Ignition loss 

C 86 

10.66 

Total 

99 82 

99.10 


I. Analysis of clay worked by Anaconda Copper Mining Co. at Armington, and 
sampled by C. A. Fisher. 

II. Analysis of clay from same district supplied by Anaconda reduction works. 

References on Montana Clays 

Fisher, C. A.. Clays in the Kootenai Formation near Belt, Montana, 
U. S. Geol Surv., Bull. 340, 1908. 

NEBRASKA 

According to E. H. Barbour (Ref. 1), this State contains an abun- 
dance of clays, the most important being found in the Carboniferous and 
Dakota Cretaceous formations, while others occur in the Tertiary and 
Quaternary. ^ 

Carboniferous 

• 

The rocks of this formation (Ref. 2) occupy a V-shaped area in 
southeastern Nebraska, with the apex in the vicinity of Blair, and the 
base along the Kansas-Nebraska line from a point nearWymoie to the 
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Missouri River. The Carboniferous, including the Permian, consists 
of massive grayish-yellow limestones, interstratified with clays, shales, 
and an occasional layer of coal. “The clays are usually of a duK^blue 
color interbedded with streaks of red and buff-colored sands, but there 
are also thin layers of disintegrated limestone, calcite concretions, and 
sand. . . . 

“Frequently these thick deposits of clay form prominent bluffs along 
either side of the valley for some distance, especially where the clay is 
protected from erosion by some overlying layer of a somewhat harder 
material,* such as limestone. . . . There are also many other available 
clay-banks along the Platte and Missouri rivers, notably at Nebraska 
City, where extensive brick-works are in operation, utilizing the clays 
of the Carboniferous for vitrified paving-brick. Terra-cotta ware has 
also been made here. Other localities where the clays are well exposed, 
and in some cases worked, are Minorsyille, Peru, and Table Rock." 
Nearly all of the best deposits along the Missouri River in southeastern 
Nebraska are located along the Nebraska City branch of the Burlington 
and Missouri Railroad, 


Cretaceous 

The Dakota formation rests stratigraphically on top of the Carbonifer- 
ous, with an unconformity between. The surface underlain by it is on 
the west and northwestern sides of the Carboniferous area, forming 
a strip about 30 miles wide and 200 miles long. It also forms 
a belt along the Missouri River north of the Carboniferous area. 
The formation consists of a series of shales and sandstones, but the 
latter, owing to their higher resistance to erosion, stand out more promi- 
nently, so that the mellowed outcrops of the shales are less noticeable. 
These shales vary from a sandy material of yellowish-brown color to 
highly plastic clays, the different beds showing a great variety of colors. 
Lens-shaped layers of sandstone are, however, not uncommon in the 
shale. These Dakota clays are available at many localities, and are 
said to have given excellent results for both pottery and brick manu- 
facture. 

Loess and Alluvium 

* (. ‘ 

The great bulk of brick made in Nebraska are manufactured from 
loess and alluvium (Ref. 3). The loess, or “bluff-deposit" as it Ms 
commonly called, consists of a light buff-colored loam, of generally' uni- 
form texture, but containing some shells. It is found over about half 
the area of the State. 
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The alluvium or valley-wash is a dark-colored soil of very fine tex- 
ture, with interbedded layers of fine sand and gravel, and is being deposited 
at the present time in narrow strips along nearly all the large streams 
in the State. 


References on Nebraska Clays 

1. Barbour, Nebr. Gcol. Surv., I, p. 202, 1903. 

2. Gould, C, N., and Fisher, C. A., Ann. Kept. Neb. State Board of 
Agric. for 1900, pp. 185. 

3. Fisher, C. A., Ann. Kept. Neb. State Board of Agric. for 1900, 

p. 181. 


NEW JERSEY 

Nearly all of the larger geological formations in the State contain 
deposits of clay, but the important ones belong to the following: Ordo- 
vician, Triassic, Lower Cretaceous, Upper Cretaceous, Miocene and 
Pliocene of Tertiary and Pleistocene. 

. Cambrian and Ordovician 

The Cambrian and Ordovician rocks include beds of limestones and 
shales with some beds of sandstone and quartzite, and occur chiefly in 
Warren and Sussex counties in the great Kittatinny Valley, but are 
found also at a few other localities. Southwest of the terminal moraine 
(Fig. 57) the limestone yields a sticky yellow residual clay with flints, 
and that worked near Beattystown is of this character. The shale, 
also, where found south of the moraine is often deeply weathered, and 
at Port Murray is utilized for the manufacture of fireproofing. There 
it is found to be red-burning, of low plasticity, and fusing about cone 1. 

, Triassic 

The Triassic or Newark series consists chiefly of red shales and sand- 
stones with masses of trap-rock, and forms a belt extending across 
the State between the Highlands on the northwest and Cretaceous on 
tl]e southeast. In places the shale has disintegrated to a sandy clay- 
soil, which has been used locally for common brick, but the fresh shale 
ha^ in most cases been found too sandy to make into clay-products, 
although at one point, Kingsland, the shales have been used with appar- 
success. They burn to a hard red brick, but fuse at a low cone, 
and are not highly plastic. 
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Cretaceous 

Tile New Jersey Cretaceous is divisible into three parts, which, begin- 
ning at tiie bottom, are: 1. Clay series of Lower Cretaceous; 2. Clay- 
marl series of Upper Cretaceous; and IT Glauconitic marl series (see 
Uig. 57). Of these three, the first contains many important clay- 
deposits, the second some clays of economic value, but the third is of 
no interest in the present discussion. 

Lower Cretaceous clay series. — This was termed the l{#ritan or 
Plastic Clay series by Dr. Cook (1S7S) and consists of a number of beds 
of clay, sand, and even gravel. The clays show great variety, ranging 
from nearly white or steel-blue fire-clay of high (piality to black sandy 
clays containing varying amounts of pyrite, and useful only for common- 
brick manufacture. A similar variation is found in the sand-beds. A 
peculiar feature of the Raritan series is the rapid alternation of strata, 
so that the clays often change suddenly, both vertically and horizontally, 
much as shown in Fig. 3. This fact often makes it uncertain whether 
two pits sunk within a short distance of each other will yield the same 
kinds of clay. 

Nothwithstanding these frequent changes in character and the 
impossibility of establishing divisions in the Raritan scries, which can 
be accurately identified at widely separated intervals, it is possible, 
nevertheless, to recognize certain divisions, whose general features are 
sufficiently persistent to permit their being tiaced throughout the region 
of Middlesex County in which the beds have been so extensively worked. 
In other areas these subdivisions do not seem to hold. 

The boundary between the upper part of the Raritan clays and the 
overlying clay marls is easily recognized, the upper bed of the former 
being a loose sand or sandy clay, while the lower bed of the latter is 
a glauconitic clay, black when fresh, but rusty brown when weathered, 
and often fossiliferous. Underlying the Raritan beds is the Triassic 
shale. 

The Raritan scries occupies a broad belt (Fig. 57) extending from 
Raritan Bay across the State to Trenton and liordentown, and a much 
narrower strip «along the Delaware River to Salem County. Over most 
of its outcrop across the State it is covered by later formations. 

) In the Middlesex County area the Raritan is divisible into nine 
members, which, beginning at the bottom together with their characters, 
arenas follows: 

1. Raritan clays. This member carries both a fire-clay and potter's 



418 


CLAYS 


clay. The former is usually drab, but somelimes mottled or blacb, 
and generally quite sandy. It is dug around Sand Hills, and sparingly 
at Woodbridge and Mill Brook. Its main use is for fire-brick, iuid its 
refractoriness is usually about cone 27. The potter’s clay is a white 
or bluish-white clay of variable color and composition. It is worked 
east of Martin’s Dock and south of Mctuchen. 

2. No. 1 fire-sand, a bed of (piartz-sand. 

3. Woodbridge clays. This, the most important member of the 
Raritan series, consists of an upper bed of black, laminated sandy clay, 
and a lower bed of fire-clay, ddio laminat(‘d clay is red-burning, })lasti(^, 
and contains more or less lignite and pyrite; it is extensively worked 
for the manufacture of fireproofing, common brick, conduits, etc,, and 
large pits have been opened in it around South River, Sayreville, and 
other points. 

The fire-clay ranges from a fine-grained cl:i,y of high plasticity and 
high refractoriness (cone 35) to sandy clays of lower grade fusing at 
cone 27. It can be stated in geiu'ral that the bed is less refractory at 
the southwest end. This clay is us(‘d in the manufacture of fire-brick, 
pressed brick, retorts, stoneware, and as an ingredient in fireproofing 
and conduits. A small amount dug near Woodbridge is sufficiently 
white-burning and refractory for white-ware manufacture. 

4. No. 2 .sand. Includeil in this sand formation are two important 
beds whose names are .somewhat misleading, namely, the feldspar and 
kaolin beds. The jrbhpar is a coar.se felds})athic sand or gravel with 
more or less decomposed feldspar and ])ellets of white clay, while the 
kaolin is not in any simse such, but is a micaceous (|uartz-sand. 

5. South Amboy fire-clay. This outcrops chiefly south of the 
Raritan River between Sayreville an<l South Amboy, but is idso found 
at several points north of it. It is generally a white, light l)lue, or red- 
mottled clay, ranging from 15 to 30 feet in thickness, and varying greatly 
in its quality. Its refractoriness is moderate. 

6. No. 3 sand. 

7. Amboy stoneware-clay. An important bed of stoneware-clay, 
best expo.sed southeast of South Amboy. Idkc the other members it 
is of varialile character, but the better grades arc used for stoneware. ® 

S, Laminated sands of little value. « 

t). Cliffwood lignitic sands and clays. Tlu'se form a serii's of beds 
of massive black clay and gray-ldack laminated sands and clays, whtch 
often carry lignite and .pyrite. They are ext<;nsively ex])o.sed i'l the 
brick-pits around Cliffwood and along Checsecpiake Creek, and a 'e all 
red-burning. 
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The other Raritan areas, around Trenton, Burlington, Bordentown, 
KBgebqro, etc., afford clays of refractory character, but it is not j)os- 
sibwHp correlate the sections with those of Middlesex County. The 
RaritailStomation is by far the most important clay-bearing formation in 
New Jersey containing as it does such a wide range of materials. Even a 
hasty consideration of the uses to which they are put indicates in a 
measure what a wide range of materials must be contained within the 
limits at the Raritan strata, for among the products made from these 
clays are common brick, fireproofing, drain-tile, conduits, terra-cotta, 
front brick, fire-brick, stoneware, earthenware, tubs, and sinksf foundry 
materials, paper filling, etc. The physical tests and chemical analyses 
on pp. 372 and 374 will serve to give a good idea of their character. 

Clay-marl series. — The outcrops of this series extend from the 
shores of Raritan Bay across the State in a southwest direction to the 
Delaware River north of Salem, forming a belt varying in width from 
2i to 8 miles. Its base is marked by a glauconitic sandy clay which 
weathers to a characteristic cinnamon-brown, indurafted earth. The 
top is emphasized by the passage of a bed of loose reddish sand with 
quartz^grains of pea size into a compact greenish marl. At many points 
a fossil bed 1 to 4 feet thick is present. Five members are recognizable 


as follows: 

1. Black, sandy, often glauconitic clay, weathering cinnamon-brown. 

2. Black, non-glauconitic clay, weathering to chocolate. 

3. Varicolored sands. 

4. Black laminated sand and clay, strongly glauconitic to the south- 


west. 

5. Red quartz-sand. Top. 

Both Nos. 1 and 2 are important sources of brick- and sometimes 
tile-clay, the former being worked near Camden, Keyport, Hightstown, 
etc., and the latter near Matawan, Kinkora, Maple Shade, Camden, etc. 
Indeed, the two are sometimes worked in the same or adjoining banks. 


Tertiary 

i The Tertiary clay-deposits occur in scattered areas lying to the south* 
laist df thd I/vver Cretaceous belt. They are beds of irregular form, 
with a tendency towards basin-shaped structure. Owing to the almost 
universal mantle of sand over this region and the flatness of the surface, 
pfo^ting for the deposits is rendered more or less difficult. 

le clay-deposits recognized it^ the recent work of the New Jersey 
cical Survey are the Cohansey, Alloway, and Asbury clays. Tl^ 
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Cohansey is really a sand formation, but carries many lenses of clay 
which average 8 to 10 feet in thickness. They occur in the southe^l 
portion of the State, in Ocean and Atlantic counties, in southern Bua-img- 
ton, Camden, and Gloucester counties, and in Central CumberlaTVi coun- 
ties. Deposits have been worked at Rosenhayn, Millville, May’s Land- 
ing, Woodmansie, Whitney’s, etc. The clays are white, yellow, choco- 
late, and black, and sometimes even lignitic. Many are buff-burning 
and semi-refractory, on which account they are much sought after for 
the manufacture of buff bricks and terra-cotta. 

The Alloway clay, which extends from near Swans Mills, Gloucester 
County, to a point 2 miles south of Alloway in Salem County, is a light- 
brown clay, of great toughness and high plasticity. Where weathered 
it contains many joints often filled with iron crusts, which greatly diminish 
its value. The Alloway clay is a red- and dense-burning material, of 
rather high air- and fire-shrinkage, but excellently adapted to the manu- 
facture of stiff-mud brick and drain-tile. 

The Asbury clay is well exposed west of Asbury Park, and is usually 
a dark sandy clay with laminae of sand, adapted only to common-brick 
manufacture. 


Pleistocene Clays 

Pleistocene clays are widely scattered over the State. To the north 
of the terminal moraine (Fig. 57) they consist of first, basin-shaped 
beds occurring in the valleys; second, stony clays or till found in the 
glacial drift (PI. Ill, Fig. 1); and, third, estuarine clays, occurring in 
great abundance in the vicinity of Hackensack (PI. XXXII, Fig. 2). 
They are all impure materials adapted in most cases only to the manu- 
facture of common brick or drain-tile. 

In the region south of the terminal moraine the most important 
clays are those of the Cape May formation. These clays occur in a sand 
and gravel formation, found underlying terraces along the rivers from 
the coast inland to an altitude of from 40 to 60 feet. Along the Dela- 
ware River they are specially prominent, but other points are Cohansey 
Creek near Bridgeton, the Maurice River south of Millville, etc. The? 
beds of clay are usually of limited extent and grade into ‘sand. 

The Cape May clays are of value chiefly for the manufacture of red 
brick and drain-tile, but occasionally small lenses of buff-bdrning cla^^s 
are found. '' 

Up to the present time no fire-clays have been found in the dipe 
May formation. 
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In the following tables will be found the analyses and physical tests 
.of A number of representative samples of New Jersey clays: 


Analyses of New Jersey Clays 



I. 

11. 

III. 

IV. 

V. 

VI. 

1 50 
42 90 
38 34 
» 0.86 

Sand 1 

Combined silica (Si02) J 

Alumina (AI 2 O 3 ) 

Ferric oxide (Fe-jOs) 

()() 07 

18 27 

3 11 

1 18 

1 09 

2 92 

1 30 

0 85 

4 03 

60.00 

14.15 

3 4;i 

2 15 

o.:i8 

2 32 
1.38 

77 72 

15.74 

0 49 
trace 

0 81 
trace 
trace 

72 37 

14.40 

3.43 

0 75 

0 49 

|l 00 

00.12| 

22 07 

1 31 , 
0 50 

0 25 

1 81 



Potash (KVO). 

Soda (Na20) 

J 0 26 

1 0 18 

1 20 

13 .50 

1 10 

Ignition 

Moisture 

8 40 

5 02 

6 70 

7 94 


VII. 

VIII. 

IX. 

X. 

XI. 

51 .5() 

33 13 

0 78 
trace 
trace 
trace 
t race 

1 91 
12 .50 

Xll. 

(>8 38 

20 11 

1 71 

Sand 

Combined silica (Si() 2 ) 

Alumina •{AbOs) 

Ferric oxide (Fe 203 ) 

Lime (Cnt^) 

5 20 
40 40 
38 40 

1 20 

0 22 

0 25 

0 59 

|g4 OC 

29 08 

1 12 

/ 8 10 
\ 39 8(' 
30 34 

1 01 

0 04 

0 15 

Joo If 

23 2.3 

3 27 

1 00 

0 07 

2 58 
0.80 

Magnesia (MgO) 

0 73 

2 58 

Potash (KvO) 

SoH H f N "( ^ ) 

2 04 

Titanium oxid^ O'iCoy ^ ^ • 

♦ 

12 50 

1 30 

♦ 

0 80 

♦ 

12 90 

1 20 

‘ 1.01 
5.. 55 

Ignition 

Moisture 

8.. 54 


XIII. 

XIV. 

XV. 

XVI. 

XVII. 

Sand 


,4.5 70 ( 

28 81 

51 80 

48 40 1 

68 90 

Combined silica (SiOj) 


31 12 

20 00 

19 44 / 


Alumina (AbOa) 


:39 05 

26.95 

18.92 

21 83 

17.87 

Ferric oxide (Fe203) 


trace 

1.24 

0.88 

1 57 

3 27 



0 95 



0 28 

0 2.5 


0 04 

0 07 


0.24 

0 25 

Potash (K20y 


trace 

trace 

' '6’48 

2 24 

I 2 .IO 




trace 

trace 



/ 



1 90 




Ignition 

1 

14 40 

9.63 

”o'70 

5 90 

6.95 

ftfftisture 

• 1 



' 0.57 

0 50 

0 80 



♦ With AzlOj. 
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Cohansey is really a sand formation, but carries many lenses of clay 
which average 8 to 10 feet in thickness. They occur in the southe^l 
portion of the State, in Ocean and Atlantic counties, in southern Bua-img- 
ton, Camden, and Gloucester counties, and in Central CumberlaTVi coun- 
ties. Deposits have been worked at Rosenhayn, Millville, May’s Land- 
ing, Woodmansie, Whitney’s, etc. The clays are white, yellow, choco- 
late, and black, and sometimes even lignitic. Many are buff-burning 
and semi-refractory, on which account they are much sought after for 
the manufacture of buff bricks and terra-cotta. 

The Alloway clay, which extends from near Swans Mills, Gloucester 
County, to a point 2 miles south of Alloway in Salem County, is a light- 
brown clay, of great toughness and high plasticity. Where weathered 
it contains many joints often filled with iron crusts, which greatly diminish 
its value. The Alloway clay is a red- and dense-burning material, of 
rather high air- and fire-shrinkage, but excellently adapted to the manu- 
facture of stiff-mud brick and drain-tile. 

The Asbury clay is well exposed west of Asbury Park, and is usually 
a dark sandy clay with laminae of sand, adapted only to common-brick 
manufacture. 


Pleistocene Clays 

Pleistocene clays are widely scattered over the State. To the north 
of the terminal moraine (Fig. 57) they consist of first, basin-shaped 
beds occurring in the valleys; second, stony clays or till found in the 
glacial drift (PI. Ill, Fig. 1); and, third, estuarine clays, occurring in 
great abundance in the vicinity of Hackensack (PI. XXXII, Fig. 2). 
They are all impure materials adapted in most cases only to the manu- 
facture of common brick or drain-tile. 

In the region south of the terminal moraine the most important 
clays are those of the Cape May formation. These clays occur in a sand 
and gravel formation, found underlying terraces along the rivers from 
the coast inland to an altitude of from 40 to 60 feet. Along the Dela- 
ware River they are specially prominent, but other points are Cohansey 
Creek near Bridgeton, the Maurice River south of Millville, etc. The? 
beds of clay are usually of limited extent and grade into ‘sand. 

The Cape May clays are of value chiefly for the manufacture of red 
brick and drain-tile, but occasionally small lenses of buff-bdrning cla^^s 
are found. '' 

Up to the present time no fire-clays have been found in the dipe 
May formation. 
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Physical Tests of New Jersey Clays 


\ 

I. 

11. 

III. 

IV. 

V. 

Per cent wScer required 

18.5 

21 

20 

32 

33 

Air-shrinkage, per cent 

2 

2 

5.3 

7 

3.4 

Plasticity 

low 

fair 

fair 

fair 

fair 

Average tensile strength, lbs. per aq. in. 

51 

150 

65 

52 

33 


1 Fire-shrinkage, per cent 

1.6 

2 

1.3 

— 

— 


1 Absorption, per cent 

16.14 

6.56 

— 

. — 



Cono 1 * 

f Fire-shrinkage, per cent. . . . 

4 6 

— 

— 

3 

— 


1 Absorption, per cent 

8 . 82 

— 

— 

19.69 



Cono 5 ^ 

f Fire-shrinkage, per cent 

7 

— 

1 3 

5 • 

6.2 


1 Absorption, per cent 

3.2C 

- — 

14 52 

16.75 




f Fire-shrinkage, per cent 


— 

2 

— 

14.6 


\ Absorption, per cent 

■ — 

— 

12 82 

— 

7.14 

Cone of viscosity 


1 

27 

27 + 

4 + 

Color when burned 

red 

red 

buff 

buff 

white 


VI. 

VII. 

VIII. 

IX. 

X. 

Per cent water required 

33 

33 

30 5 

25 5 

20 

Air-shrinkage, per cent 

4 4 

6 

4 

6 5 

6 

Plasticity 

fair 

fair 

good 

good 

good 

Average tensile strength, lbs. per sq. in . 

48 

41 

72 

88 

156 


f Fire-shrinkage, per cent 

— 

— 

— 

1,5 

1.3 


^ Absorption, per cent 

— 

— 

— 

17 93 

16 54 

^ J 

' Fire-shrinkage, per cent 

— 

— 

6 6 

3 

2.6 


, Absorption, per cent 

— 

— 

10.17 

13.61 

•12,68 

Hnnn K J 

^ Fire-shrinkage, per cent. . . . 

13 6 

7.1 

7 

3.7 

2.3 


^ Absorption, per cent 

7 07 

13.74 

9.30 

9.98 

10.17 


Fire-shrinkage, per cent. . . . 

13 8* 

11 

8 

6 

— 


1 Absorption, per cent 

6 47 

9.10 

— 

10.70 

— 

Cone of viscosity 

32 

34 + 

12 

, 12? 

8 

Color when burned 

buff 

buff 

1 

red 

red 

red 


XI. 

XII. 

XIII. 

XIV. 

XV. 

Per cent water required 

34 9 

27 

23.4 

27.2 

22 

Air-shrinkage, per cent 

10 

7.6 

8 

7 

6 

Plasticity 

high 

high 

high 

high 

good 

Average tensile strength, lbs. per sq, in. 

286 

229 

293 

291 

108 


f Fire-shrinkage, per cent 

3 3 

1 

.3 

3.3 

4.3 

Uti ^ 

[ Absorption, per cent 

11 12 

13 42 

11 65 

12 46 

7.88 


' Fire-shrinkage, per cent. . . . 

3 3 

2 7 

3.3 

6 

8.6 


^ Absorption, per cent 

9.92 

8.9 

6 2 

5.5 

.10 


^ Fire-shrinkage, per cent 

— 

— 

4 

7 



, Absorption, per cent 

— 

- — 

4.36 

3.51 



Fire-shfrinka^, per cent 

— 

5 7 

5 

— 



Absorption, per cent 

— 

1 21 

— 

— 


Cone of viscosity 

10 

12+ 

— 

— 

3 + 

Cl»lor when burned 

J 

red 

red 

buff 

red 

red 


♦ CJone 10, 
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Localities op the Preceding 


No. 

Locality. 

Geological Age. 

Uses. 

'Ref. 

1. 

11. 

I’ort Murray 

Kingsland 

Hudson River... 

Fireproofir.jg . . 

A 

B 

III. 

H. Hylton, Palmyra 



c 

IV. 

C. S. ^Cdgar, Bonhamtown 

Raritan 


D 

V. 

W. H. Cutter, Woodbridge 

Woodbridge fire- 





clay beds 

White ware. . . 

E 

VI. 

R. H. and N. Valentine, Sand Hills, 





No. 1 blue clay 

do. 

Fire-brick 

F 

VII. 

No. 1 clay, Anness and Potter, 





< Woodbridge 

do. 


G 

Vlll. 

Sayre and Fisher, Sayrcville 

W oodbridge black 




laminated clay . . 

Common brick 

H 

IX. 

Carman and Avery, Cliff wood. . . . 

Cliffvvood lami- 





nated sands and 





clays 

if < ( 

I 

X. 

Budd Bros., Camden 

Clay Marl I. . . . 

tf tt 

J 

XI. 

One mile south of Collingswood. . 

Clay Marl II. . . 

Brick and tile . 

K 

XII. 

Yorktown 

Alloway 

( ( < ( 

L 

XIll. 

May's Landing 

CohaiLsey 

Pressed brick 

M 

XIV. 

A. E. Burchem, Buckshutem. . . . 

Cape May. . 

Common brick 

N 

XV. 

Little Ferry 

Pleistocene. . . . 


0 


Ref. A, N. J. Geol, iSurv., Fin. Rept., VI, p. 607; B, do., p. 374; C. do., p. 392; D, do., p. 
449; E, do., p. 442; F., do., p. 447; G, do., p. 440; H, do., p. 467; I, do., p. 474; J, do., p. 
394; K, do., p. 397; L., do., p. 495; M., do, p. 370; N., do, p. 414; 0, do., p. 373. 


NEW MEXICO 

Adobe brick are made at many points from the calcareous valley 
clays, and common burned brick are also manufactured at different 
points. The Cretaceous shales at Las Vegas have yielded good results 
with the dry-press brick process. Fire-clays have been worked at 
Socorro and were formerly made into fire-brick. 

In the San Juan district the clay industry is limited to the Animas 
and San Juan valleys. Surface clays are worked for brick-making 
at Farmington, Flora Vista, Aztec, and Fruitland, but at Shiprock 
the Mancos shale is employed. 

At Gallup a semi-refractory clay is mined for use as converter 
linings in the copper smelters of Southern Arizona (see Analysis I 
below). The Mancos shale is worked for brick-making near Gallup 
(Analysis II) but the high carbon contents cause trouble, although 
they are not given in the analysis. 
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Analyses of New Mexico Clays 



I. 

11. 

Silica (SiOj) 

Alumina (AljOj) 

Ferric oxide (FejOj) .... 
Limfi (CaO) 

64.73 

17.75 

6.53 

56.29 

1 23.18 
^ 3.73 
2.91 
11.53 

Ma^esia (MgO) 


Ignition 

Moisture 

5.09 

4.36 

98.46 

97.64 


References on New Mexico Clays 

1. Shaler, M. K., and Gardner, J. H., Clay Deposits of the Western 
Part of the Durango-Gallup Coal Fields of Colorado and New Mexico, 
U. S, GeoL Surv., Bull. 315, p. 296, 1906. 


NEW YORK 

The greater portion of New York State is underlain by sedimentary 
rocks of Palaeozoic age, ranging from the Cambrian to the Carboniferous 
inclusive. These consist in very large part of shales, but sandstones 
and limestones are at times prominent. The Cretaceous and Tertiary 
formations, so abundant in States farther south, are found in New York 
only, on Staten Island, Long Island, and Fisher’s Island. 

Overlying all of the above are Pleistocene deposits. Residual clays 
are rare. The clay-deposits of the State may, therefore, be grouped as 
follows: Residual clays, Palaeozoic shales, Cretaceous, and Tertiary 
clays, Pleistocene clays. 


Residual Clays 

I 

These are • of but little importance in New York State, and may 
be passed over with the statement that some deposits of kaolin have 
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been found east or adutheaat of Sharon, but so far as known none havd 
ever proven of economic value. 

Palaeozoic Shales 

Those occurring in New York State and including beds’ of value to 
tlte clay^worker belong to the Medina, Salina, Hamilton, Portage, and 
Chemung. The Hudson, Clinton, and Niagara formations are of little 
‘or no value for the manufacture of clay-products. All of these shale 
formations, with the exception of the Hudson, form bands of variable 
width er.tending across the State in an east-west direction, and their , 
distribution can best be seen by reference to the geologic map of New 
York, from which it will appear that the oldest formations outcrop 
towards the north, in belts running parallel to Lake Ontario. Their 
characters are briefly as follows: 

Hudson River shale. — This formation, although widely distributed 
in the eastern part of the State, is of no economic value for the manu- 
facture of clay-products, since it is deficient in plasticity and is very 
siliceous. 

Niagara shale. — This also, on account of its calcareous and siliceous 
character, is of little or no value. 

Medina shale. — Along the Niagara River at Lewiston, and also along 
the Genesee River, there are outcrops of this rock. It is not utilized 
in New York State^ but has given good results for dry-pressed brick in 
Ontario. 

Clinton shales. — ^These are about 30 feet thick in places, notably in 
eastern Wayne County, and 24 feet thick at Rochester and Wolcott 
Furnace. They have not been used and are probably often calcareous. 

Salina shales.-— This series forms a belt extending from Syracuse 
westward. The shale is soft, weathers easily, and possesses good plas-*- 
tieity, but may be quite calcareous, and not infrequently carries lumps 
of selenite. It is red-burning, and used for common and paving brick, 
drain-tile, or conduits. 

Hamilton shale.— Though extending from the Hudson River to Lake 
Erie, this formation shows considerable lithologic variatibn ranging 
from a sandstone to a clay-shale. The latter phase is mom common in 
western part of the State. It is worked for pavin^inrick at Cairoj Oreend; ' 
\Coimty, and beds of good quality are known at Windom, Erie County. ' / 
' ’ V Portage shale,— This overlies the Hamilton stratigraphicaily, ani# 
hence outcrops to, the south of the Hamilton belt. It consists of shah^ 
^ and sandstones, the former being well exposed along Cashaqua 
: fatso along Seneca Lake and at Penn Yan, but becomes very 



Fig. 58. — Map of northeastern States, showing distribution of clay-bearing formations, (After Ries, U. S. Geol. 

Surv., Prof. Pap. 11, p. 64, 1903.) 
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• of t^iis point. The shale has been worked at Angola for fireproofing, 


at Jewett ville for pressed brick, and at Hornellsville for paving-bricks. 



Chemung shale. — This somewhat extensive shale formation, the most 
soutt.ern in New York State, has been utilized at several points for 
mak’ing clay-products. At Corning (PI. XXXIII, Fig. 1) it is quarried 
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for pavin^-])riok, at Alfred Center for roofing-tile, and at Elmira,, for 
common brick. ' 

Cretaceous and Tertiary Clays 

These include the Cretaceous clays of the Coastal Plain ^region of 
Long Island, btateii Island, and fisher’s Island, as well as some others 
of ])ossible Tertiary age, but the deposits are of exceedingly variable 
character, ranging from ferruginous ones to others of good refractori- 
ness. They, moreover, partake of the character of other Coastal Plain 
clays in being often of highly siliceous character as well as pockety or 
lens shaj^ed in form. The more important points at which these clays 
are exposed are at Kreischerville, Staten Island; Little Neck near 
Northport, West Neck, Oyster Pay, Wyandance, and Farmingdale, 
Long Island. All of these, except the first two, are adapted only to the 
manufacture of common brick. The deposits at (llencove and North- 
port have been worked for a number of years, those; of the latter locality 
having been used for fire-brick, stove-linings, and stoneware. 

Pleistocene Clays 

These can be divided into four groups, namely, (1) morainal clays; 
(2) lacustrine clays; (3) pond deposits; (4) estuarine deposits. 

The morainal clays arc usually too stony to be of any value, although 
at Newfield, Tompkins (V)unty, one lens in the moraine has been worked 
for fifteen years. 

The lacustrine clays were laid down during post-Glacial time, when 
the waters of Lakes Erie and Ontario were dammed up to the north by 
the retreating continental glacier, and spread over the land in the western 
and northwestern part of the State, much clay being deposited during 
this time. These clays underlie the flats around Buffalo, Lancaster, 
Tonawanda, and other places in western New York, and are used for 
making brick and drain-tile. They often contain lime pebbles. 

The pond deposits are widely distributed throughout the; State, being 
found in many of the flat-bottomed valleys. They are prevailingly 
impure, often contain sandy streaks, and arc rarely deep. Most of 
them burn red and are worked for common brick or tile, but hollow 
brick are also manufactured. 

The estuarine clays are confined to the Hudson’ River and Champlain 
Valleys, and were deposited during post-Olacial times. They form an 
extensive and often thick deposit, which underlies the terraces border- 
ing these valleys (PI. XXXIII, Fig. 2). The section usually involves 
an upper sand-bed, a yellow weathered clay, and a blue clay. The clays 
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are la.Taiiiated materials, plastic, red-burning, and easily fusible. Those 
in the ftjidson Valley especially are extensively dug for the manufacture 
of commdn brick, but are probably useless for much else, although certain 
beds near Albany make an admirable slip-clay which is shipped to all 
parts of the United States. 

In the following tabled there are given a number of selected analyses 
and physical tests of New York clays: 


Analyses op New York Clays* 



I. 1 

11 . 

52.30 

18.35 

6.55 

3.36 

4.49 

4.65 

1.35 

4- organic 
5.30 

( CO 2 1 

1 3.041 

III. 

IV. 

• 

V. 

Silica (Si 02 ) 

Alumina (AhOa) 

Ferric oxide (FeaOa) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (NajO) 

Combined water (HjO) 

Miscellaneous 

59.50 

20.60 

8.00 

0.80 

0.35 

J 3 . 6 O { 
5.5o| 

65.15 

15.29 

6.16 

3.50 

1.57 

1 5.71 
} 

f 

i 

53.20 

23.25 

10.90 

1.0 

0.62 

2.69 j 
6.39 

MnOs 0.52 
riOs 0.91 
SOg 0.41 

68.34 

19.89 

0.90 

0.35 

trace 

3.55 

0.84 

6.03 

1 



1 


VI 

VII 

VIII. 

XI, 

X. 

Silica (SiOi) 

Alumina (ALOa) 

Ferric oxide (FeaOa) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O) 

Soda (Na-aO) 

Combined water (H 2 O) 

Moisture 

47.40 

39.01 

0.15 

trace 

trace 

trace 

trace 

14.10 

55.00 
} 34.54 { 

5.33 

3.43 

0.48 

1.22 

51.61 

19.20 

8.19 

7.60 

1.25 

5.32 

f +C02\ 

1 7.25/ 

57.36 

16.20 

4.55 

5.34 

3.90 

6.98 

( 

61.3b 

12.21 

3.32 
11.63 

4.73 . 

4.33 

organic 

1.50 

Miscellaneous 






1 


♦ From N. Y. State Mus , Bull. 35. 


Physical Tests op the Above 


• 

I. 

III. 

IV. i 

VI. 

Per cent HgO to form plastic mass 

16 

21.4 

20 

38 

Plasticity * 

lean 

fair 

moderate 

fair 

Average tensile strength, lbs. per sq. in 

16 

92 

61 

11-14 

Air-shrinkage 

3 

4 

4 

10 

Fire-shrinkage 

6 

10 

9 

8.7 

Incipient fusion. 

Vitrification. 

cone .04 

1 

■■ 

06 i 
01 

36-F 

Viscosity. 

■ ^ i 

■■ 

3 ^ 

35-f 
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Localities op the Prbceoino 


Locality. 


Geological Age. 


Uses. 


7 




I. 

II. 

111 . 


IV. 

V. 

VI. 
VII. 

VIII. 

IX. 

X. 


Lewiston 

Warners 

Angola 

Alfred Center. . 
Near Northport 
Kreischerville . . 

Roseton. 

Croton Point. . . 

Buffalo 

Newfield 


Medina. . . . 

Salina 

Portage. . . 
Chemung. . 
Cretaceous . 

Pleistocene. 


(drift) 


Not worked 

Paving, common, and hpllow brick 

Flue-linings 

Roofing-tile 

Stoneware 

Fire-brick 

Common brick 

<< tt 

tt If 

Common and paving brick 


References on New York Clays 

1. Dwight, W. B., A Peculiar Feature of the Clay-beds on the Western 
Bank of the Hudson, three miles north of Newburg, Trans., Vassar Bros. 
Inst., Poughkeepsie, 1884^1885. 

2. Jones, C, C., A Geologic and Economic Survey of the Clay-deposits 
of the Lower Hudson River Valley, Amer. Inst. Min. Eng., Trans., 
XXIX, p. 40, 1900. 

3. Martin, D. S., A Note on the Colored Clays Recently Exposed at 
Morrisania, N. Y. Acad. Sci., Trans., IX, p. 46. 

4. Merrill, F. J. H., Origin of the White and Variegated Clays of the 
North Shore of Long Island, N. Y. Acad. Sci., Annals, XII, p. 113, 1900. 

5. Merrill, F. J, H., Note on Colored Clays at Morrisania, N. Y., 
N, Y. Acad. Sci., Trans., IX., p. 45. 

-6. Prosser, C, S., Distribution of Hamilton and Chemung Series of 
Central New York, N. Y. State Geologist, 15th Ann. Rept., p. 87, 1899. 

7. Ries, H., Clays of New York, their Properties and Uses, N. Y. 
State Museum, Bull, 35, 1900. 

8. Ries, H., Physical Tests of Devonian Shales of New York State, 
15th Ann. Rept., N. Y. State Geologist, Vol. I, p. 673, 1897. 

9. Ries, H., On the Occurrence of Cretaceous Clays at Northport, 
Long Island, School of Mines Quart., XV, p. 354, 1894, 

NORTH CAROLINA 

The clay-deposits found in North Carolina are of two types, namely, 
^idual clays and sedimentary clays, these subdivisiorts corresponding 
piore or less closely also to geological ones, that is to say, the residual 
. elays are derived from rocks of pre-Cambrian and PalflBpsoic age, while 
^ sedimentary clays are of Mesozoic age or younger. 





PLATE XXXIV 



Fig. 1.— Kaolin-mine near Webster, N. C., showing kaolin mining by circular pits. 
(After Hies, N. C. (Jeol. Surv., Bull. Lb p. 50, 1897.) 





Fxq, 2— Bank of Carboniferous shale near Akron, O. (Photo loaned V)y Robinson 

Clay-product Co.) 
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Residual Clays 

ThW may occur in any portion of the State west of the coastal plain 
region. \^The eastern border of this area passes through Halifax, Frank- 
lin, WaitVfOhatham, Moore, and Anson. The clays are usually impure 
^pd gritt^ and suited for little else than the manufacture of common 
brick, although in a few instances, as at Pomona and Grover, they 
may be of semi-refractory character. A noteworthy exception to the 
above occurrences are the deposits of kaolin which are found in the 
western part of the State in the Smoky Mountain region. H^re many 
veins of pegmatite, carrying coarsely crystalline quartz, feldspar, and 
mica (generally muscovite), with some garnet, have been weathered to 
kaolin to a depth of from 60 to 100 feet. The veins vary in width from 
a few inches to several hundred feet and may be many hundred feet 
long. They also branch or curve and pinch or swell. The most im- 
portant of these deposits is near Webster, but others have been noted 
at Sylva, Jackson County; Bostick’s Mills, Richmond County; Troy, 
Montgomery County; West’s Mills, Macon County; two miles west of 
north of Bryson City, Swayne County; two miles south of Hall Station, 
Jackson County; and two and a half miles southyjrest of Canton, Haywood 
County.^ All of these kaolins need washing before they can be shipped 
to the market, and have been extensively used for the manufacture of 
white ware. 

Sedimentary Clays 

Beds of these are found widely distributed throughout both the 
coastal plain area and the broader upland valleys of the State. 
In the former area there are many extensive beds of laminated clay 
which are often well exposed in the river-banks traversing that region. 
Most of the clay-deposits found in the Coastal Plain area are rather lentic- 
ular in their character and pass horizontally into beds of sand. Among 
the best deposits of sedimentary clays thus far developed in the State 
may be mentioned those around Fayetteville, Goldsboro, Weldon, Greens- 
boro, etc. They are nearly all red-burning, and are used for the manu- 
tftcture of a brick or drain-tile. In many valleys of the uplands the 
livers are bordered* by terraces underlain by clays of Pleistocene age, 
0ich clays being abundant along the Catawba River near Moi^antown 
- And Mount Holly, on the Clark River at Lincolnton, along the French 
Bread River at Asheville, and along the Yadkin River at Wilkesboro. 
' depth of these terrace-clays commonly ranges from 5 to 10 feet, and 
in most instances covered by from 6 inches to a foot or more 
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of sandy loam. The majority are adapted only to the manufactujfr^f 
common brick, but here and there we find beds of very plastic m^rial, 
sufficiently free from grit to be used for the manufacture of ^mmon 
stoneware. The Triassic shales form a narrow belt in Grandville, 
Durham, Chatham, Moore, Southeast, Montgomery, and A^n coun- 
ties, but their value for making clay-products js said to haVe been but 
little tested. At Pomona a weathered-shale ou -crop has been used in 
the manufacture of sewer-pipe. 


Analyses op North Carolina Clays 

ULTIMATE ANALYSES 



I. 

II. 

III. 

IV. 

V. 

Silica (SiOa) 

Alumina (AI2O3) 

Ferric oxide (FeaOa) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (Na.0).......-;-. 

Combined water, ignition. . . 

Moisture 

Miscellaneous 


45.70 

40.61 

1.39 

0.45 

0.09 

2.82 

8.98 

0.35 

56.81 

20.62 

6.13 

0.65 

0.58 

4.47 

8.60 

1.64 

50.17 

28.77 

2.88 

0.05 

0.22 

1.04 

14.03 , 
2.08 

64.93 

17.08 

5.57 
0.43 
0.59 

3.85 

6.58 
2.48 



VII. 

VIII. 

IX. 

X. 

Silica (SiOa) 

Alurnina (ALOa) 

Ferric oxide (FeaOa) 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (NaaO) 

Combined water, ignition . 

Moisture 

Miscellaneous 

58.17 

20.10 

7.43 

0.60 

0.77 

} 2.60 

^ 7.34 
3.23 


70.45 

17.34 

3.16 

0.25 

0.22 

0.70 

6.63 

0.93 

FeO 0.33 

69.58 

14.03 

6.41 

0.40 

0.27 

1.65 

5.73 

1.68 

53.76 

24.91 

7.99 

0.70 

1.12 

2.94 

7.60 

1.03 



1 


rational ANALYSES 



I. 

II. 

III. 

IV. 

V. 

Clay substance 

Free sand 

61.99v 

36.55 

96.81 

25.40 

58.85 

40.65 

73.19 

26.06 

53.13 
46.90 , 


VI. 

VII. 

■1 

IX. 

X 

Clay substance 

Free sand 

48.09 

52.15 

67.20 

33.25 

48.26 

61.50 

45.47 

61.28 

34.04 

46.00 


Hot. I^X from N. C. Geol. Surv., Bull. 18, 18»7, 
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Physical Tests op North Carolina Clays 



I. 

11. 

IV. 

V. 

Per cent wa^ for working ^ 

Plfljst.icitv. .. W / 

28 

good 

8 

5 

39 

slow 

fine 

2100 

2300 

2500 

whitish 

2 24 

42 

lean 

6 

4 

20 

slow 

very fine 
2300 
2500 
2700 + 

white 

2.43 

30 

very ^ood 
7 

148 
slow 
fine 
1950 
2100 
2250 
/ gray 
\ brown 
2.35 

28 

good 

8.5 

5 

144 

fast 

podium 

1900 

2050 

2200 

red 

2.56 

Air-shriaka^, per cent. . . 1 

Fire-shrinkage, per cent. . / 

Average tensile strength, lbs. per sq. in. 

Rate of slaking 

Texture 

Incipient fusion, degrees F 

Vitrification, degrees F 

Viscosity, degrees F 

Color when burned 

Specific gravity 


VI. 

VII. 

VIII. 

IX. 

X. 

Per cent water for working. . 

Plasticity 

Air-shrinkage, per cent 

Fire-shrinkage, per cent. . . . 
Average tensile strength, lbs. 

per sq. in 

Rate of slaking 

Texture 

Incipient fusion, degrees F. . 

Vitrification, degrees F 

Viscosity, degrees F 

Color wnen burned 

Specific gravity 

28.5 

fair 

9.8 

7 

84 

slow 

fine 

1850 

2050 

2250 

red 

2.45 

28 

lean 

10 

6 

66 

fast 

coarse 

2100 

2400 

2500 

red 

2.46 

26 

lean 

10 

2 

47 

slow 

coarse 

2150 

2350 

2550 

buff 

2.55 

36 

slight 

9.6 

4.5 

60 

fast 

fine 

1950 

2100 

2250 

red 

2.59 

25 

lean 

5 

10 

74 
fast 
fine 
1900 
2100 
2300 
deep red 
2.63 


Localities op the Preceding. 


No. 

Locality. 

Geological Age. 

Uses. 

I. 

II. 

III. 

IV. 
V. 
VI. 

^HL 
• IX. 
X. 


Residual 

White pressed brick 
White ware 





Brick 

N.W. of Blackburn 

Fayetteville (average). . 

T?oxrof f aviIIa ... 


Stoneware 


Bricks 


Not worked 



Pleistocene 

Brick 

...... 


Brick 

A4r/\v»rrcin4./\tim • . . . . . 

Columbia 

Not worked 

.... 

f < 

if ii 





Nos. I-X from N. C. Geol Surv., Bull, 13, 1897. 
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References on North Carolina Clays 

1. Holmes, J. A., Notes on the Kaolin and Clay-depositi> of North 
Carolina, Amer. Inst. Min. Eng., Trans., XXV, p. 929, 1896/ 

2. Kerr, W. C., and Genth, F. A., Report, on Mineral^^and Mineral 

Localities of North Carolina, 1886. ( " 

3. Pratt, J. H., The Mining Industry of Nor.h Carolina, N. Ca. Geol. 
Survey; separate bulletins issued for 1901, 1902, 1903, and 1904. 

4. Ries, H., Clay-deposits and Clay Industry in North Carolina, N. Ca. 
Geol. Surv., Bull. 13, 1897. 



CHAPTER VII 

NORTH DAKOTA TO WYOMING 


NORTH DAKOTA 

The North Dakota clays (Ref. 2) are found in the Cretaceous, Ter- 
tiary and Pleistocene formations (Fig. 58a). 

Cretaceous 

Most of the divisions of this system of rocks carry extensive deposits 
of clay, whose character is briefly as follows: 

The Benton, Niobrara and Pierre clay-bearing formations extend 
across the east central part of the State in a broad belt several hundred 
miles wide (Fig. 58a). 

Benton. — ^The P-cnton is best developed in the Pembina Mountains, 
where it shows about 150 feet of feoft shales which are easily mined. 
Ferruginous concretions and gypsum are not uncommon, in fact the 
latter is present in such quantity near top of the formation as to render 
the shale nearly worthless. The Benton shales are plastic, red-burning, 
and yield a hard body at low temperatures, in fact their use for viti’ified 
brick is regarded as possible. 

Niobrara. — This formation overlies the Benton, but is not sharply 
separated from it. It is usually calcareous, and may carry from 20-75 
per cent of lime carbonate. 

Pierre.— The Pierre shales are separated from the underlying 
Niobrara by a peculiar horizon of banded black, white and red shales. 
The maximum thickness of 300 feet is developed in the Pembina Moun- 
tains, but it is exposed at other points. The shales which are quite 
lAiiform in character, and of a dark gray or black color, contain many 
small iron concretions, .and are usually low in lime except near the base. 
They are very plastic, with high air and fire shrinkage, and red-burning. 
Much trouble is caused in burning by gypsum and pyrite. The lowest 
beds are the worst, but about 200 feet from the bottom of the formation 
the clay is lighter colored, has less impurities and is semi-refractory. 
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Laramie and Tertiary 

Nearly the entire western half of the State is underlain by strata of 
LaramV and Tertiary age, the exact boundary between the two being 
doubtful* Lithologically, the so-called Laramie consists of (1) a basal 
member otf clays and sands, many of them calcareous and lignitic; (2) 
a series pflfeds not exyeeding 150 feet in thickness, carrying high grade, 
light-burning and soijetimes refractory clays; (3) 300 or 400 feet of 
sand, cemented in p£irt by calcareous cement. The clays of the first 
two divisions are of value for little else than common brick. Those of 
the third are an important clay resource of the State, being*regarded 
by Mr. Clapp as of value for making pressed brick, fire-brick and pottery. 
They occupy an area approximately 50 miles east-west by 90 miles 
north-south, the eastern limit being about on the meridian passing 
through Hebron. These clays lie on both sides of the Northern Pacifio 
railroad and have been developed around Dickinson, Gladstone and 
Hebron. 

Pleistocene 


Pleistocene clays of blue or yellow color, and often of gravelly or 
stony* character, are found over a large portion of the State. They are 
frequently calcareous, and around Grand Forks are worked for cream- 
colored brick. Red-burning brick clays occur along the Missouri River, 
near Bismarck, and are much used. Grayson, Walhalla and Fargo are 
also promising localities. 

The following analyses, taken from the Fourth Biennal Report of the 
North Dakota Geological Survey, have been selected by C. H. Clapp as 
representative. 

References on North Dakota Clays 


1. Babcock, E. J., First Biennial Report, . N. Dak. Geol. Surv., 
p. 29, 1901. 

2. Babcock, E. J., Clapp., C. H., Leonard, A. G., The Clays of 
North Dakota, N. Dak. Geol. Surv., Fourth Biennial Report, 1906. 

3. Clapp, C. H., The Clays of North Dakota, Econ. Geol., II, p. 
651, 1907. 


REFERENCES TO TABLE OF ANALYSES OF NORTH DAKOTA CLAYS 

I. DicWnson Brick Co., l5ickinson. 

II. Typical of white sandy Tertiary clay. 

HI. Black Butte. . n- i j 

IV. Buttes between Gladstone and Dickin- 
son. north of railroad. 

V. Hebron Brick Company’s clay bank. 

VI. Buttes, li miles north of Taylor. 

VII. Buttes, 2 miles north of GMstone. 

VIII. Breaks of Little Miesoun River at Man- 
nines’ ranch. 


I-VIII, Tertiary clays. 

IX. Benton clay. Mayo Brick Co. 

X. Pierre clay (representative^, Jamestown. 

XI. Laramie clay. Mott. 

XII. Laramie clay. Coal mine at Richard- 

ton 

XIII. Pleistocene clay. Grand Forks. 

I-XIII from Vol. 4, N. Dak. Geol. 
Surv. 
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Physical Tests op North Dakota Clays 


Number. 


I. 


II. 


III. 


/ 22.1 


Per cent water required 

Per cent air-shrinkage 

Tensile strength, lbs. per sq. in . 

Plasticity 

Fire-shrinkage, per cent .. 
Color 


5' 




So 


a 

p 


Absorption, per cent . . . , 
Fire-virinkage, per cent . 

Color 

Absorption, per cent 

Fire-shrinkage, per cent. 

Color 


Absorption, per cent .... 
Fire-snrinkage, per cent . 

Color 

Absorption, per cent. . . . 
Fire-shrinkage, per cent . 

Color 

Absorption, per cent .... 

Incipient 

Vitrification 

Viscosity 


25.2 

4.7 

138 

very 

good 

light 

pink 


22.6 

2 . 

90 

Vair 

4.3 

pink 

white 

19.8 


18.9 

3.8 

110 

goc^ 


'i 


.3 

white 


6 . 

buff 

white 


.9 

cream 

white 


6.6 

gray 

white 

2.4 

9 

white 

.5 

3 

12 

25 J 


2 . 

white 

14.1 
2.5 

white 

13.1 


.5 

yellow 

14. 

2 8 

buff 

12.4 
2.9 
[ buff 
\ brown 
9.3 
17 


lunaffect 
ed 25 


22.1 
5. 
141 
f very 
\good 
0 . 

orange 


1.7 
yellow 

5.3 ’ ‘ 
buff 

4.7 
5. 

yellow 

gray 

3.4 
7 

16 

25 -f- 


Number. 

V. 

VI. 

VII. 

VIII. 

pf r rent water required 

20.6 

27.9 

26.7 

25 9 


3.8 

5.2 

5. 

4.8 


122 

91 

78 

90 


good 

0 

good 

1.8 

. good 
.8 

good 

1.7 



Cone 

05 

Color 

cream 

cream 

1 pink 
\ white 

1 red 


15.9 

/ 

13.0 



.8 

2.4 

.9 

1.5 

h\ 


buff 

cream 

f pink 
\ white 

light 

red 

6°] 


17.2 


Fire-anrinkage, per cent 


2.4* 

3.3* 

2.5* 

I-' 

6 

Color 1 

light 

buff 

cream 

white 

cream 

white 

14.1 

1 salmon 



2.9 

8.2 

6.9 

4.7 

Cone 

5 

Color 1 

Absorption, per cent 

light 

buff 

10.6 

cream 

4.7 

f weam 
{ white 
6.1 

light 

brown 

6.1 


Fire-snrinkage, per cent 

5.8 

8.3 

8.0 

5.9 

Cone 

10 

Color 1 ; 

Absorption, per cent | 

gray 

white 

1.8 

gray 

white 

1.1 

gray 

1.8 

/ brown 
\ black 
3.8 


Incipient ' 

8 

4 

3 

11 

ill 

Vitrification 

16 

15 

16 

13 

£§ 1 

Viscosity 

25-1- 

25+ 

25+ 

18 


* Ck)n« 01, 
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Physical Tests op North Dakota Clays— C ontinued 


Number. 


IX. 

X. 

XI. 

XII. 

XIII. 

46.3 

45.6 

26.5 

29.0 

25.1 

5.7 

5.3 

5.1 

4.0 

2.7 

108 

89 

110 

133 

127 

fair 

good 

good 

good 

fair 

2.3 

1. 

.9 

.9 

-.5 

orange 

red 

orange 

light 

red 


orange 



18.8 

23.1 

31.4 

4.3 

4. 

.9 

5 4 

-1. 

orange 

red 

orange 

light 

red 


pink 

21.8 

26 2 

18.9 

10.9 

33.1 

5.5 

4.5 

6.7 

7.3 

-.6 

red 

r orange 
\ red 

red 

red 

cream 

18.9 

24.2 

5.4 

11.1 

22.5 

7.3 

5.8 


9.8 

2.0 

red 

brown 

red 


f red 
[ brown 

cream to 


green 

15.8 

21.6 


1.5 

17.9 

9.3 

6.8 


dark 

brown 

brown 




8.5 

19.8 




5 

7 

02 

00 

1 

8 

15 

1 

1 

3 

14 

220 

3 

5 

4 


Per centywater required 
Per centXir-shrinkage . 
Tensile strength, lbs. pei 

Plasticity 

I Fire- sF^kage, per 
Color' 


§2 

6 ® 


CU3 

6 ^ 


Id 


Absorption, per cei 
Fire-snrinkage, per cent . . . 

Color 

Absorption, per cent 

Fire-shrinkage, per cent . . 

Color 

Absorption, per cent 

Fire-shrinkage, per cent . . . 

Color 

Absorption, per cent 

Fire-shrinkage, per cent . . . 

Color 

Absorption, per cent 

Incipient 

Vitrification 

Viscosity 


Analyses of North Dakota Clays. 



1 

I. 

II. 

III. 

IV. 

V. 

VI. 

Silica (SiOj) 

Alumina (Al 2 (^) 

Ferric oxide (FcjOs) 

Lime (CaO) 

Magnesia (MgO) 

SoTa(Nap) 

Potash (K,0) 

Loss on ignition 

Total 

64.84 

24.31 

1.60 

.11 

.24 

.32 

trace 

8.58 

73.20 

18.56 

.50 

.29 

.52 

.38 

.36 

5.93 

60 98 
26.24 
1.34 
.34 
.94 
1.22 
1.26 
7.85 

75 27 
17.29 
.83 
40 
.18 
trace 
.32 
5.75 

73.90 

16 49 
1.25 
.29 
.40 
.22 
1.20 

5 52 

65.46 

20.97 

1.83 

.23 

1.14 

.72 

1.38 

6 79 

100.00 

99.74 

|100.17 

100.10 

99. 13 

98.52 


VII. 

VIII. 

IX. 

XI 

XII. 

XIH. 

Silica (SiO,) 

►Alumina (Al,0.) 

Ferric oxide (FdjOi) 

Lime (CaO) *. 

Magnesia (MgO) 

65 64 
22.74 
1.66 
.29 
.61 
1.76 
1.46 
6.15 

53.32 

23.76 

9.30 

.25 

1.26 

.10 

2.1u 

8.50 

69.90 

10.66 

2.32 

1.04 

2.10 

undet. 

nndet. 

6.09 

57.94 

17.40 

4 58 
4.14 
3.84 

61.67 

17.41 

3.65 

2 32 
3.71 

51.27 

9.33 

3 52 
11.15 

2 31 

2 08 
.60 

OVMiOi yAlwjw/ 

Potash (KjO) 

Loss on ignition 

Total 

'7;67 

6.07 

100.31 

98.59 

92.11 

95.65 

94.83 



For references to tables see p. 441. 
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OHIO 

The geologic scale of Ohio includes strata ranging from the Ordo- 
vician to the Permian, while overlying these are beds of Quaternary age. 

Ordovician and Silurian^ 7 

The rocks of these two ages underlie a larger area iiv^e western 
half of the State, those of the former age beii^ found chiefly in the 
southwestern part. They include several shale fctmations, among them 
the Eden, Lorraine, Richmond, Saluda, and Osgood; but most of these 
are higWy calcareous and of little value for the manufacture of clay- 
products. The Saluda has been used for drain-tile.^ 

Devonian 

The Devonian rocks underlie a large area in the northwestern corner 
of the State, and also extend across the west-central part from Lake 
Erie to the Ohio River. 

The shale formations are the Oletangy and the Ohio. The former 
is 20 to 35 feet thick in central Ohio with numerous outcrops and show s 
even greater thickness in the northern part of the State. It is actively 
worked at Delaware for making drain-tile and fireproofing, but has also 
been used at Columbus for the manufacture of sewer-pipe and common 
brick. 

The Ohio shale is divisible, in the northern part of the State at least, 
into three parts, known as the Huron, Chagrin, and Cleveland shales. 
Professor C. S. Prosser states that the Chagrin shale is gray to greenish, 
and extends from the Black River as surface outcrops along the shore 
of Lake Erie in a belt several miles broad to Pennsylvania, and is re- 
garded as promising for the manufacture of clay-products. Many red 
pressed brick are made from it at Cleveland. 

Lower Carboniferous 

The Bedford shale, which is an important shale formation extend- 
ing clear across the State, is in part at least frequently of red color; 
but its greenish phases resemble the Chagrin shales of similar color. 
It is worked at Bedford, Akron, Independence, and a number of othei^ 
localities for pressed-brick manufacture; at Willow Station for paving-* 
brick; and at Summit Station for common and sewer brick. It promises 
to become one of the most important shale formations of Ohio. 

' Profs. E. Orton, Jr., and C. S. Prosser have kindly ‘given the author much 
information regarding the shale formations of the State. 

* Ohio Geol. Surv., Vol. VII, Pt. I, p. 66. 




•NORTH DAKOTA TO WYOMING 


The Logan shale, occurring in the lower part of the Logan formation, 
is now extensively used at a number of points, including Newark, Han- 
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Maxville limestone holds a valuable clay-deposit at a tew places in soutft- 
ern Ohio, while in many places in Kentucky a hard flint-clay comes into 
the section. It has been worked largely at Sciotoville and Portsmouth* 
for fire-brick, and is hence known at the Sciotoville clay. It ^iso occurs 
near Logan, Hocking County. ^ 

Coal-measures 

These underlie the eastern third of the State. The lower members 
are found in the western portion of the area, while the upper members 
immedijitely underlie the surface in the middle and eastern parts towards 
the Pennsylvania border. They include the best clays in the State, 
and both shales and clays are numerous throughout the entire series. 

Pottsville series.— The section of the Pottsville formation shows 
the following according to Orton: ^ 

Homewood (Tionesta) sandstone 

Mount Savage (Tionesta) coal 

Mount Savage (Tionesta) clay and shale 

Upper Mercer ore 

Upper Mercer limestone 

Upper Mercer coal 

Upper Mercer fire-clay 

Lower Mercer iron ore 

Lower Mercer limestone 

Lower Mercer fire-clay 

Conoquenessing (Massillon) sandstone (upper) 

Quakertown coal-beds 
Quakertown shales 

Conoquenessing (Massillon) sandstone (lower) 

Sharon shales 
Sharon coal 
Sharon clay 
Sharon sandstone 

The important beds are the Mount Savage clay and shale. Upper 
Mercer clay. Lower Mercer clay, Quakertown clay and shales, Sharon 
clay and shales.^ • 

Sharon shales.— These overlie the Sharon coal and '(^ary in thicknefli 
from 1 to 50 feet. They are usually dark blue, sometimes almost black), 
with heavy iron-ore nodules at certain levels. The shales proper hayhj ; 
become the basis of one of the largest sewer-pipe industries in th& Uplj^ ■ 

' The names in parenthesis are those given in Orton’s report, Ohio Oool. . 
VII, while the names in front of them are the later ones. 

■ Orton, Ohio Geol. Surv., VII, Pt. 1, p. 60. 
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States, at Akron and its immediate neighborhood. The same deposit 
is also worked for roofing-tile, but the shale is usually high in iron oxide. 

Quakertown clay and shale. —These occupy a space between the two 
divisions of the Conequcnessing sandstones, when such a separation 
occurs. 'Tliey overlie and underlie the Quakertown coal, although the 
latter may4;>ecome extromely thin at times. The shales or clays of this 
age have -been worked in Summit, Portage, and Stark counties. The 
Summit deposits have; furnished stock for the potteries of Springfield, 
and the Portage bed supplies the Mogadorc potteries. Tlie Massillon 
Fire-brick Company has developed an important deposit at thi^ horizon. 
It is a streak of hard fire-clay 4 to 5 feet thick immediately underlying 
the Conoquencssing, and representing the (iuakertowii coal. The bottom 
of the clay is 30 feet above the Sharon coal (Hef. 2). 

Lower Mercer clay and shale.— Overlying the Lower Mercer lime- 
stone there is often an iron ore, while under it is a cotil-seam of little 
value. Underlying the coal there is a shale or more often clay, which 
has been extensively worked in Stark, Tuscarawas, Muskingum, and 
especially Hocking coimties. The Columbus Prick and Terra-cotta 
Company at Union Fuiaiace have used it, and it has Jilso been worked 
at Miflersburg, Holmes County. The clay shows considerable varia- 
tion and is nowhere of high character. The shale or clay immediately 
overlying the Lower IVlercer limestone is also ])romising. 

Upper Mercer clay and shale.— The Upper IMercer coal is not of 
economi(! importance, but the accompanying under-clay is more im- 
portant. It is a liglit-colored plastic clay, of wide-spread occurrence 
in the State, and at Haydenville, Hocking (’ounty, is extensively worked 
under the name of the Mingo clay. It is one of the most valuable clay- 
deposits found within the Haydenville coal-field, and runs from S to 10 
feet thick. 

Mount Savage clay.— This, formerly named the Tionesta, occurs 
from a few feet to 20 feet above the last-named deposits, and there is 
found at times another valuable clay-bed. It has been used at Union 
Furnace. 

Allegheny or Lower Coal-measures 

The most important clay-deposits of the Ohio coal-measures are 
given as follows: 

Upper Freeport clay and shales 
Lower Freeport clay and shales 
Mid’dle Kittanning clay and shales 
Lower Kittanning clay 
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Ferriforoiis limestone clay 

Putnam Hill limestone clay and shales 

Putnam Hill limestone horizon 


Putnam Hill or Brookville clay. — Tiiis underlies the Brookville coal 
and is a valuable clay-deposit in several t)f the central coal-measure 
counties of Ohio, although of no importance in parts of western Penn- 
sylvania. It is said to be specially well developed and largely worked 
in Muskingum County, but is also of importaiice in the counties of 
Coshocton, Tuscarawas, and Stark, where it has been much used. Prom- 
ising bed's are also mentioned in Perry, Hocking, and Vinton counties. 
It has been worked at or near Zanesville for buff- or cream-colored brick, 
encaustic tiles, and fire-brick, and at Canton for the manufacture of 
paving-brick. Other workings are at Greenford, Mahoning County, 
and New Lexington, Perry County. 

A red shale said to be of this same age is also worked at the last 
locality. 

In the Zanesville area the Brookville clay is stated to vary from 
3 to 10 feet in thickness with an average of 6 feet. It is usually divisible 
into an upper or plastic portion and a lower or more siliceous division, 

A section six miles above Zanesville on the west side of the river gave: 


Putnam Hill limestone 

Putnam Hill limestone shale 

White clay 

Dark clay 

Fire-clay 

►Sandstone and sandy shale. , 
Brown clay 


Feet, 


11 

4-5 

2 


14 


Ferriferous or Vanport limestone and clays. — The clays of this 
formation are light-colored, plastic, ;ind of fair quality, with a thickness 
ranging from 2 to 6 feet. Professor E. Orton, Jr., has informed the 
author that this yields a valuable stoneware-clay in the district running 
from Zanesville down to New Lexington on the Cincinnati and Muskin- 
gum Valley Railroad. It is also used in southern Ohio around Scranton, 
either as a potter’s clay or for shipment as a second-grade fire-clay. 

Lower Kittanning clay and shale.— These were pointed out by 
Professor Orton to constitute the great clay horizon of the State, and 
lie stratigraphically between the Ferriferous limestone and Lower 
Kittanning coal, often filling the interval between ‘them. In the more 
important occurrences its thickness ranges between 8 and 30 feet, and 
sometimes is even continuous with the clays above the Lower Kittan- 
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ning, only the coalnseam being between, and thus giving a combined 
section of not less than 50 feet. The Lower Kittanning clay is best seen 
where it enters the State from Pennsylvania, and again where it lea«ea 
the State, in its extension into Kentucky. At both of these localities 


Shales, sandstone, and cot^tealed, 


Shales. 


Shales, massive, Morgantown, 


Limestone, fossiliferous, Ames, 
Red shales 


Concealed, with shales and flaggy sandstone. 


Coal 

Shale • • • 

Limestone, fossiliferous. Lower Cambridge. 

Shales, drab 

Shales, with coal, Masontown 

Shales, gray 


Sandstone, Mahoning, and concealed, under river. 


• Fig. 60. — Section of Barren Measures opposite Steubenville, Ohio. 

•; (Affer Whitf, U. S. Geol. Surv., Bull. 65, p. 77, 1891.) 

in the Ohio Valley, namely, in Columbiana and Jefferson counties ^ 
the one side and in Lawrence County on the other, it shows great quan* 
tities of clay of good quality. Other counties in which it has been 
developed are Tuscarawas/ Stark, and Muskingum; extensive minin| 
has gone on at Haydenville, Hocking County, and Canton, Stark County. 
The plastic clay from this horison « used by the eastern Ohio potterie^ 
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while a flint-clay is also found at some points, as in Stark, Tuscarawas, 
and Carroll counties. 

The clay has been used wholly or in part for the manufacture of 
saggers, Rockingham, yellow and stone ware, sewer-pipe, paving-brick, 
and fire-brick. 

Middle Kittanning clay. — ^This is said to furnish a good fire-clay at 
Oak Hill, Jackson County, and is there used for fire-brick. Nodules 
of iron are seen in many of its outcrops, and these interfere with its use. 

Lower Freeport clay.— -This is not much developed, but at one 
locality, ‘namely, in the vicinity of Moxahala, Perry County, the seam 
is found in the nature of flint-clay, but contains too much iron to permit 
its use for the highest grades of ware. More often the clay represents 
the impure type so abundant in the coal-measures. 

Upper Freeport clay and shale. — ^This bed is more important than 
the preceding, since it occurs in great quantity and more widely dis- 
tributed than the coal-seam from which it gets its name. It assumes 
a flinty phase at several points. 


Section at Bellaire, Ohio 


Feet. 


Coal, Waynesburg — 

Shale, sandy 6 

Shale 12 

Limestone 3 

Concealed 5 

Coal, blossom, Little Waynesburg 

Concealed 14 

Coal, blossom, Uniontown 

Shale 4 

Sandstone 6 

Shale, argillaceous 20 

Concealed 32 

Shale 2 

Sandstone 3 

Shale 3 

Concealed 33 

Calcareous shale, with thin limestones. . . 24 

r Coal 4 

Shales, sandy 13 

Coal, Sewickley j Coal 0 

Shales, argillaceous. . . 6 

[ Coal 3 

Shale, argillacwus 2 

Limestone, thin clay in center 8 

Limestone, magnesia-cement rock 5 

aay 1 

Limestone 11 

Concealed 11 


Coal, Redstone, blossom 


Concealed 17 

Shale 1 


Coal, Pittsburgh. 


Inches. 


6 

10 

8 


Feet Inches. 
2 

40 

1 

127 6 

27 6 

38 

2 

18 

7 


Total. 


263 
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Conemaugh or Lower Barren Measures.— These contain vast deposits 
of shale, which are extensively used for the manufacture of paving-brick. 
They arc distributed through the entire series, but about the middle 
portion of this division beds of special prominence occur, as in the Sunday 
Creek Valley. An excellent shale has been found underlying the coal 
at Bellaire. Fig. 60 by White (Ref. 6) gives the section of the Barren 
Measures opposite Steubenville, Ohio. 

Monongahela or Tapper Productive Measures.— This series extends 
from the base of the Pittsburg coal up to the Cassville. The section 
on page 397, given by I. C. White (Ref. 6), from Bellaire,* Belmont 
County, shows the character of the series. 

The area of outcrop forms a narrow, sinuous band extending in a 
northeasterly direction from Gallipolis to Steubenville, and southward 
from there to beyond Bellaire.' 

Dunkard or Upper Barren Measures. — In Ohio these underlie an 
area extending through the counties of Belmont, Monroe, Washington, 
Athens, Meigs, and Gallia. 

Pleistocene 

Pleistocene clays are found in all parts of the State, but they are 
used chiefly for common brick and drain-tile. 


Analyses of Ohio Clays 



I. 

II. 

III. 

IV. 

v. 

VI. 

VII. 

Silica (SiOa) 

76.24 

63 00 

52 .52 

61.86 

60.37 

69.79 

.56.44 

Alumina (AI2O3) 

16. S? 

20 17 

31.84 

26.02 

10.08 

19.31 

26.60 

Ferric oxide (Fe203) 

0.16 

2.12 

0 67 

0.63 

1.26 


2.00 


0 .50 


0 .50 

1 .26 

0.60 


0 47 

Magnesia (MgO) 

trace 

. 

0.10 

0.10 

0.63 



0.63 

Potash (K...U) 

1 1.00 

2 76 

/0.50 

li’.m 

}o.31 

r 2.14 
\0.02 


3.20 

0.26 

Water (ICO) 

|5.14 

15.41 

^ 9.73 

5.57 

5.00 

7.57 

Moisture 

\0.45 

0.69 


0.94 

1.02 

2.48 

Titanium oxide (TiOa) 


1.68 


0.29 




VIII. 

IX. 

" 'i 

X. 

XL 

XII. 

XIII. 

XIV. 


68.13 

66.21 

57.15 

57.10 

49.30 

58 20 

57.28 


20.80 

21.13 

20.26 

21.20 

24.00 

22.47 

21 . 13 

^JPernc oxide (Fe^Os) 

1.20 

1.28 

7.54 

7.31 

8.40 

5 63 

8.. 52 

Lime (CaO) 

0.42 

0..51 

0.90 

0.29 

0..56 

0 62 

5.79 

Magnesia (MgO) 

0.37 

0.18 

1.62 

1.5.3 

1.60 

0 98 

2.13 

Potash (KjO) 

2.28 

1.42 

3.05 

3.44 

3 91 

3.08 


Soda (NaaO) 

0.27 

0.38 

0..58 

0.61 

0.19 

0 42 

5.22 

Water (H^O) 

5.72 

6.29 

5.50 

6.00 

9.40 

6 15 

Moisture. ... 

Titanium oxide (TiOa) 

1.00 

1.65 

2.701 

1.30 

1.20 

1.65 



1 See U. S. Geol. Sun ., Bull. No. 65. Map PI. I. 
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Anai.yhes ok Ohio Ciays— C on/Himi 



XV. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX, 

Silica (SiO.) 

W 19 

58. 8K 

44 GO 

59.92 

57 80 

51.72 

Alumina (Al.OO 

14 (Vt 

19 80 

40 05 

27.50 

25 54 

80.10 

Ferric oxide (FeXta) 

10 00 

14.80 

'0.80 

1 05 

2 51 

1 94 

Lime (CaO) 


1 48 

0 27 

tnic(' 

0 2r. 

0 02 

Magnesia (MgO) 


1.00 

trace 

trace 

0 01 

0.,58 

Potash (KO) 



t race 

0 07 

2 51 

2.74 

Soda (NaX)) 



trace 


0 IS 


Water (ICO) 



14.28 

9 70 

8.85 

0 95 

Moisture. . f, . . 

12 02 



1 12 

2 2.5 

1 05 

'titanium oxide (TiO..) 






1 85 


No. 

Locality. 

1. 

Uaydenville. . . . 

11. 

North Imhistry. . 

111. 

Mineral Point . . 

IV. 

llarhngton. 

V. 

Posevilh' 

VI. 

Ro.seville, 

VII. 

Steubenville. . . . 

vin. 

.\kron 

IX. 

Zanesville 

X. 

(lloucester. 

XI. 

(!jmton 

xir. 

AVaytiesburg. . . . 

xnr. 

Zanesville 

XTV. 

Northern Ohio. . 

XV. 

North Indtistry. . 

xvr. 

(tanton 

XVI I. 

Scioto County. .. 

xvni. 

Salineville, 

XIX. 

East Pidestine. . . 

XX. J 

.Jefferson (Vmnly. 


uuTiK.s OK niK Amove 


(ipohujical .\Ke. 

Usc^. 

._ .. _ 

■ , 

Lower Ciirhoniferous, , , , 

Firt'-hrick 

Lower Coal-measnres, . 

Paving-brick 

Lower Kit tanning 

Refractory w tires 

“ “ 

Paving-oriek 

Lower (’arboniferous. . . . 

Stoneware 
(.'ooking ware 
Stoneware 

St n new tire 

Lower Coal-measures. 

Cooking \v'arc 

Cambridge. . 

Lower ( oal-measures. . . 

Piiving-brick 

.Middle Kit tanning 

Brick 

j Fre(*|>ort shale 

1 Kittauning elay 

Bedford shale 

J’tiving-briek 

Lower (^irbomTerous. . . . 

Paving-brick 


Firc-l trick 

Upper Fr(‘eport ^ 

Fire-l trick 
Paving-brick 


Scwcr-pip(‘ 


Nos. 1-XX from Ohio Oeol Sui\., Vlf. 


References on Ohio Clays 

1. Tjovereti, V., On the Sigiutic.ancc of the White Clays of the Ohio 
Region, Ainer. (Ieoh, X, j). 18, 1898, 

2. Orton, E., The Clays of Oliio, their Origin, Composition, and 
Varieties. Ohio Oeol. Siirv., ATI, p. 45, 1898. 

8. Orton, E., Jr., The Clay-working Industries of Ohio, Ohio Geol.* 
Surv., VII, p. 09, 1898. 

4. Prosser, C. S., Geological Scale of Ohio, Ohio Geol. Surv., Pull. 7, 
1905. 

5. Stevenson, J. J., Carboniferous of the Appalachian Basin, Geol. 
Soc. Amer., Bull., XV, p. 87, 1904. 
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6. White, 1. C., Correlation Papers, Carboniferous, U. S. Geol, Surv., 
Bull. 65, 1891. 

7. See also annual reports of inspector of mines. 

m 

OKLAHOMA TERRITORY ‘ 

The rocks of the gre^iter part of Oklahoma consist of deposits of red 
clay-shale. In the eastern part of the Territory these clays are of Penn- 
sylvanian age, while farther west they belong to Permian formations. 
In the Osage Nation, and the counties bordering on the Arkansas River, 
there are beds of gray and drab clay contained between ledges of tlinty 
limestone of Pennsylvanian and Permian age, while in the Wichita 
Mountains in the southwestern part of the Territory there are beds of 
kaolin, formed from the disintegration of granite and gabbro rocks. 
On the uplands in Beaver and Woodward counties there are deposits 
of Tertiary clay, but much of this contains a considerable amount of lime, 
and might not therefore be suited to the manufacture of clay-products. 
Dakota (Cretaceous) clays occur in the extreme northwestern part of 
Beaver County, and alluvial clays are found in the river valleys in all 
parts of the Territory. 

Tlie only use that has been made of the clay-deposits in Oklahoma 
is for the manufacture of brick. In nearly every small town common 
brick arc made, chiefly of alluvial clay. Pressed-brick plants are in 
operation at Oklahoma, Chandler, Guthrie, Geary, Mangum, El Reno, 
and Anadarko. On account of the utilization of natural gas for fuel 
at the Kansas brick-yards, and consequent cheaper cost of production, 
much of the brick used in Oklahoma comes from that State. 

An analysis of clay from Stucks Canyon, four miles west of Ferguson, 


Blaine County, yielded: 

Silica (Si02) 64.17 

Alumina (AI2O3) 14.80 

Ferric oxide (Fe203) 8.10 

Lime (CaO) 1.34 

Magnesium carbonate (MgC03) 27 

Magnesium sulphate (MgSO^ 5.57 

Water (H2O) 6.54 


• Total 100.79 


This shows a curiously high percentage of magnesium sulphate. 


‘ The notes relating to thi.s Territory have been supplied to the author by 
Profes.sor C. N. Gould. * The general geology of the Territory is described in U. S. 
Geol. Surv., Water-supply and Irrigation Bull. No. 148, by C. N. Gould. 



454 


CLAYS 


PENNSYLVANIA 

The geologic formations of Pennsylvania range from the pre-Cam- 
brian rrvstalliiKi rooks to those of Pleistocene age. 

In the western ])art of the State, e\ce{)t , the northwestern counties, 
the rooks are nearly all of Carboniferous age, the beds being’ bent into 
a series of gentle folds; but often tlie exj)osuiv) of tlie lower or older 
beds is due i)artly to the overlying strata having been worn away. 

To the eastward the rocks become highly folded in the central coun- 
ties of the State, so that the strata often have a very stee]) dip, and not 
only the Carboniferous, but also the lower-lying Devonian and Silurian 
formations are ex})osed, giving rise to Ininds which extend in a general 
nor 1 1 least -s( )U t h w(\st d ina* t io n . 

On the eastern edge of the State tlierc is a fringe of coastal-tilain 
formations, but, with the (‘xoeption of the Columbia loams, they have 
litth' vahu' in Pennsylvania. North of tlie terminal moraine the drift- 
clays arc w ide-spread. 

Residual Clays 

These might occur at almost any point in the area lying south of 
the terminal moraine, but the dejiosits of greatest economic value arc 
those found in the Oreat Valley, along the line of which, as w^ll as in 
the South Mountain region, Fig. GOn, thei’o are a number of deposits 
of wdiite and variegated clays (Pi. XXXV, Fig. 1). These have been 
derived from the decomposition of hydromica slates, w'hich are inliT- 
stratified with Ordovician limestones and (luartzites, talcosc slates, 
and limestones of Cambi-ian agia Of I'ccent years these w-hite cla^s 
have been much worked for j)a[)er manufacture, and to a less extent 
for tile and fire-bri(d\. 

Productive localities have been South Mountain, Cuml)erland 
County; ^Icrtztowm, Perks ('ounty; Ore Hill, near Roaring Springs, in 
Plair County, etc. Arouml Mt. Holly Springs are exceptionally thick 
deposits (Ref. IS). 

A number of localities arc mentioned in the reports of the Second 
Pennsylvania Geo ogical Survey,^ but many of these arc no longer 
worked. More recently they liavc been described by T. C. Hopkins.-, 

A second type of white residual clay or kaolins arc those of Delawarv 
and Chester counties, wdiich have been formed by the weathering of' 


‘ Second Pa. Gcol. Surv., Rept. C4, pp. 137, 272, 275, 277, 279, 325, 340, and 
Kept. CC, p. 203. 

' Kept. Penn. State College for 1S98, 1899, and 1900. 



VLATK XXXV 







gifiara jjAitdf A t 6 wvflMfifQ 


i i^^dhave been worked near Kaolin P. 0., Brandy* 
S enSUffift,' ' the output is less than formeriy, because the 



4jif 


VR, pn^OftOihillMvolcuilevoekai 88, Cam brUarandatous and shale, 

I£, Camlriaii lluectono 

Fig. 60o.— M ap of South Mountain region, Pa., showing distribution of claya 
(After Stose, U. S. Geol. Surv., Bull. 316, 1907.) 

deposits, being the product of weathering, have in some cases been 
exhausted with depth. 

These kaolins are washed for the market, and in some instances the 
4i|ic^U8 material left behind is used for silica brick. 


^ ' Silurian and Devonian Shales 

' ^he. vast bads of shale occurring in these formations in the eastern 
llfSbuth-Kjentral portions of Pennsylvania should afford an excellent 
^^diMexploitation by the clay-worker. 

Devonian is found overlying large areas in northwestern Penn*^ 
' be of value, but in the northeastern counties the 
> sil^eous. 

^southeast the Silurian and Devonian formationi 
I o^fbands in Lackawanna, Luzerne, Carbon, Cumbeiv 
<^her counties, and the shaie-beda 
%w<i)^^ed,at several leoaiilieB for the manufacture ^ 
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both building- and paving-brick. The Clinton shales have been dug for 
brickmaking in Laurclton and Hartleton townsh p?.^^ l^’^ion County; 
and the Hudson River shale at Heading. 


Carboniferous 




To the clay-worker this is the most importVint group of formations 
occurring in Pennsylvania, for it includes a wide range of plastic mate- 
rials, from sandy shales up to the highest grades of fire-clay. Unfor- 
tunately, no detailed systematic study of the shales and fire-clays of 
the entire Carboniferous area of Pennsylvania has ever been undertaken, 
although many scattered references to them are given in the reports 
of the Pennsylvania Geological Survey, and Hopkins has treated those 
of Western Pennsylvania in some detail. The various references are 
found on p. 469. The occurrences are here taken up in regular order, 
beginning with the oldest. 

Mauch Chunk. — Shales of this age have been worked for bricks at 
Pine Grove, Williamsport, and Sandy Run. 

Pottsville. — This member of the Carboniferous is composed chiefly 
of sandy beds, as sandstones and conglomerates, but there are several 
beds of shale and coal. The latter is often underlain by shale and in 
some instances fire-clay. 

Mercer or Alton fire-clay. — The Upper Mercer coal is said to be under- 
lain by a fire-clay in Elk, Butler, Huntington, McKean, and Cameron 
counties, while in Beaver, Lawrence, and Mercer counties shale-beds 
have been noticed, but no fire-clays. Plastic clay is also recorded 
from Mayport, Clarion County (Ref. 13); flint-clay from Climax and 
St. Charles, Armstrong County (Ref. 3), and correlatatle with the 
Mount Savage clay; and in Clearfield County (Ref. 2). 

Sharon upper coal fire-clay. — In Elk County a bed of fire-clay is 
said to be often associated with the upper Marshburg coal-bed, and has 
been worked in Benezette township. Another is also found in Mercer 
County. 

Savage Mountain fire-clay. — ^This clay is of importance in Somerset 
County, and while not of the highest grade is said to have given excel- 
lent satisfaction for coke-oven brick. 

Allegheny or Lower Productive Measures.— These contain a numlVT 
of important beds of fire-clay and coal in weste. n and western-centr^ 
Pennsylvania. The formation rests on the Pot sville'- sandstone, and 
extends to the top of the upper Freeport coal. 

Along the upper Ohio River, where the section 's specially impor- 
tant, the following beds are seen:^ 


» TI. S. Geol. Surv., Bull. 225, p. 467, 1904. 
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i THE Upper Ohio River in Pennsylvania 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

• 12 . 

13. 

14. 

15. 

16. 
17. 


19. 

20 . 
21 . 
22 . 

23. 

24. 


0 to 4 
2 to 4 

1 to 4 

50 to 70 


Upper Freep«iat Four-foot " or “ Ilookstown 

vein”..,V, 

Fire-clay. . . 

Limestone. . 

Shale and \ 

Sandstone j 

Lower Freeport coal (usually absent) 0 to 2 

Fire-clay 0 to 5 

Limestone (sometimes present) 

Sandstone, or sandstone and shale 70 to 90 

Darlington; “Block vein” at Smith’s Ferry 1 to 2 

Fire-clay. • • ■ • • ^ 4 

Black slate with iron nodules 20 to 30 

Lower Kittanning coal; “Sulphur vein” 2 to 3 

Fire-clay 6 to 10 

Sandstone \ 

Shale I 

Limestone, ferriferous, “ Vanport limestone ” 1 to 20 

Blick shale 15 

f Fire-clay ] 

j Sandy shale 20 

t Fire-clay J 

Clarion coal 1 i 

Fire-clay 4 to 0 

Sandstone 23 

Shale 25 

Brookville coal 6 

Fire-clay 4 


40 


180 


100 


Brookville clay.— The Brookville coal is underlain by a persistent 
and widely distributed clay. In the upper Ohio and Beaver River 
region it is irregular and often impure,’ but in other regions is more 
promising. It is said to have been used for fire-brick manufacture at 
Sandy Ridge, Blueball, Woodland, and Hope Station, Clearfield County; 
Bencze..te, Elk County; Parkville, Jefferson County; Queens Run and 
Farrandsville, Clinton County. It has also been mined for many years 
at Blacklick, Indiana County, but has to be handpicked to remove the 
ferruginous concretions. 

In Fayette County it is a flint-clay, and has been extensi\ely used 
for fire-brick manufacture.^ At Brookville, Jeffenson County, the coal is 
^derlain by 15 feet of fire-clay, but only the upper part appears to be 
high purity . 


* R. R. Hice, Trans.^mer. Ceram. Soc., Vol. VII, Pt. II, p. 251. 

* Geologic Atlas, U.fe., Folio 82, U. S. Geol Surv., p. 20. 

•For other ref^Bl^s to this clay, see reports of Pa. Geol. Surv., as follows.* 
HH, p. 146; H/^120, 124, 134, 225; Q3, pp. 27, 81, 111, 134, etc. 
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Clarion clay— This clay underiies the Clarion, coal, and 
be of good quality at most localities. It has beefl'is^Tt'SeJis^tOf 
fire-brick.* and has also been mined on tun, Beaver Coontyi 

but does not appear to have been much jd in that locality, ev§8 

though purer than the Lower Kittanning clax This is thought to bS' 
due to the fact that it is less accessible than the Kittanning clays, and 
because it takes a longer time to weather, and b therefore more difficult 
to wash for pottery purposes.® ' • * 

Other important deposits have been reported from near Kittanning,** 
where they have been worked for buff brick. The clay is also preset 
at Johnstown, and Ben’s Run, Cambria County, and Pinkerton Pomt, 

Somerset County. , . . n 

A shale under the Clarion coal is worked for brick in Clarion County 

west of New Bethlehem (Ref. 13), and a plastic fire-clay at Temple- 
ton and Mahoning in the Rural Valley quadrangle (Ref. 3). 

Ferriferous coal under-clay. — According to the* Pennsylvania Survey 
reports^ a deposit of fire-clay occurs between the Ferriferous c6al-lm 
and the Buhrstone iron ore in Armstrong County. It b probably purely 
local and of doubtful value. 

Lower Kittanning fire-clay.— Underlying the Lower Kittanning coal 
there b, in many iocalities, an important bed of fire-clay which is often 
more vaulable than the coal, and has been extensively used for tto 
manufacture of clay-products. At times there is an interval of as much 
as 30 or 50 feet between thb clay and the ferriferous limestones, but 
at others the former rests immediately on top of the latter. 

White* states that “eastward from the Allegheny River this clay 
does not appear to be very important, but westward from that point 
it b generally present, and attains its maximum development along the 
Beaver, and westward from there down the Ohio. It is much us^ by 
ibe pottery and tile works at New Brighton, East Liverpool, etc.” ; 

Hice* states that in the Upper Ohio and Beaver River region it to 
'peratotent, quite constant in quality, and has a pod roof, and, p 
of the extent to which it has been worked in thb area, issometlmee calieri 
^ "New Brighton Clay.” . * « 

The Lower Kittanning clay appears to vary from 6 to Jo 


* Second Penn. Geol. Kept. K3, p. 43. 

* R. E. Hice, Trans. Amer. Ceram. Soc. 

• Pa. Geol. Surv., Kept. H5, p. 246. 

♦ H6, pp. 239i 24d.‘ 

4 1^. E. Gefld. Surv., Bulf. 66, p. i72, 1801* 




Vd. VlC,Et.H,p.2av 
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thickness, and often consists of two portions, an upper soft clay and 
a lowjafiJ»fir/'d*ciii>r ^hite states that the latter is used for fire-brick,^ 
but Woolsey claims wiat ohis is the more siliceous portion.^ This clay- 
bed has been extcnsivl4^s^ in Beaver County to supply the factories 
of pottery, hollow wary fire-brick, and paving-brick. It is not to be 
understood, of course, tnat the same grade is used for all purposes, but 
that different parts of the deposits are used, either alone or mixed with 
other clays. 

The sections given in Fig. 61 represent the position of the Lower 
Kittanning clay at several localities. The Second Pcnnsylv 4 inia Geo- 
logidil Survey reports refer to it in the counties of Armstrong, ^ Beaver,'^ 
Fayette, and Westmoreland.^ 

Stoneware clay at this horizon is reported from Girty,® a flint-clay 
from the Little Mahoning Creek drainage basin of Central Pennsyl- 



X coaI uiluot, XX cla> mine* oi outcrops 

Fig. G06.— Map of South Clearfield and parts of Indiana and Jefferson counties, 
Pa. (After Ashley, U. S. Geol. Surv., Bull. 285, 1900.) 

Vania (Fig. 606) (Ref. 2); plastic clay from Clarion County (Ref. 13); 
and a persistent bed of flint-clay of variable quality from the northern 
half of the Kittanning and Rural Valley quadrangles (Ref. 3). 




» 1. c., p. 172. 

* 1. c., p. 470? 

• H5. See also Hop] [ins, Clays of Western Pennsylvania, Ann. Kept. Pa. State 


College, 1897, p. 33. 

* Q, pp. 58, 59, 190^ 
‘K3, p. 40. 

•U. S. Geol. 



9.3, 195, 205, and 215. 

I, Folio, Elders Ridge, No. 123. 
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Middle Kittanning clay. — This bed, known also as the Darlington,, 
is sometimes found under the coal of the same jfame, been 

noted by the geologists of the Second Pennsyl.v " Geological Survey '^ n 
Allegheny, Armstrong, Tioga, Blair, and /counties, but was in- 

correctly referred by them to the Upper hfcjttanning. It ‘does not 
appear to be an important bed. According to'Hice^ it is worked on 
Brady’s Run in Beaver County, and is there partly a flint-clay. The 
clay is not uniform in thickness, and of more variable quality than the 
Lower Kittanning. 

Woo4.ey2 states that in the Ohio Valley the bed is a very persistent 
one, but rarely worked on account of the iron nodules which it conkiins. 

Ashley (Ref. 2) reports a flint-clay from this liorizon at a number 
of widely separated ])oints in (Vntral Cennsylvaiiin, especially about 
Westover and near McCartney in ('learfleld County. It is worked for 
stoneware at Hawthorne, ('larion County (Uef. Id). 

Upper Kittanning clay. — There seems to be a difference of opinion 
regarding the occurrence of a clay-deposit at this horizon. While it 
may be present, it is in general of no great value. 

Lower Freeport clay.— Above the Kittanning series come the Free- 
port series, consisting of two coals and underlying fire-clays, and two 
limestones which underlie the clays. 

The Lower Freeport clay does not appear to have assumed much 
importance, and little mention has been made of it in print. In the 
Upper Ohio and Beaver River region it is generally quite thin, but in 
places reaches a workable thickness, and at one point on Brady’s Run 
22 feet have been mined. It has been used for low-grade fire-brick, 
but usually carries too many impurities to allow its use for refractory 
purposes. It is generally thoroughly vitrified at cones 6 and 7.^ “On 
Block House Run, Beaver County, it has been worked for sewer- pipe.” ^ 

Upper Freeport limestone clay or Bolivar fire-clay. — This limestone 
is quite generally distributed in western Pennsylvania, but when absent 
or but slightly represented there is found at its horizon a bed of high- 
grade fire-clay known as the Bolivar clay, and long mined at the locality 
of the same name in Westmoreland County. It represents a non-plastic 
or flint-clay, which has been extensively used in fire-brick manufacture. 
On the Ohio and Beaver rivers this seems to be replaced by a less refra^ 

M. c. 

2 1. c., p. 472. 

* nice, I. c. 

* Woolsey, 1. c., p. 472. 




PLATE XXXTI 



Bolivar flint-clay, Bolivar, Pa. This clay is about 22 feet thick and overlain by impure clay, coal, and sandstone. 

(After Hopkins.) 
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Conemaugh Series or Lower Barren Meanres.— These consist 
largely of shales and sandstones with some lime^ones, the shales pre- 
dominating in the upper beds of the section any the sandstones in the 
lower. They extend from the Upper Freejs^p^oal to the base of the 
Pittsburg coal, arid their general character can be well seen from the 
accompanying section (Fig. 62). They form the surface over a large area 
in Allegheny, Armstrong, Butler, Beaver, and Westmoreland counties.^ 

Although their distribution is referred to in the various county reports 
of the Second Pennsylvania Geological Survey, their possibility for the 
manufacTture of clay-products was not considered. Their importance 
was, however, well set forth in a report issued by the Pennsylvania' State 
College.^ In this Affelder states that at Pittsburg, where 320 feet of 
strata of the Conemaugh formation are exposed between the level of 
the Monongahela River and the outcrop of the Pittsburg coal near the 
hilltop, almost all of the rock is shale, most of which is well adapted to 
the manufacture of brick. The color is variable, but most of the beds 
are red-burning. Fire-clays do not appear to be abundant in the Cone- 
maugh, but some low-grade ones have been found and used to advan- 
tage for the manufacture of building- and paving-brick, as at Harmon- 
ville. Of the 57 yards listed in the report just referred to over two- 
thirds use shale wholly or in part. 

Ashley notes an important shale bed in the Conemaugh, just above 
the Mahoning sandstone, which is especially well developed in north- 
eastern Indiana County and southeastern Jefferson County (Ref. 2). 
In southwestern Cambria County a flint-clay is found close to the top of 
the Mahoning sandstone in the Johnstowm district. It may grade into 
plastic clay (Ref. 15). Promising shales also occur in Armstrong and 
Indiana counties (Ref. 17). 

Monongahela Series or Upper Coal-measures.— These show their 
greatest development in southwestern Pennsylvania, and while the 
shale-deposits do not appear from published reports to be as abundant 
as in West Virginia, still occasional thick beds of shale occur. 

An important clay-parting, 6 to 10 inches thick, is found in the Pitts- 
burg coal-bed, and is used in the Monongahela Valley. It has to be 
removed in mining the coal and can hence be made a source of pro^t. 
The shale over the coal has been used at Fayette City for making red 
brick, while at Pittsburg the shale of this group i^ used for making briefer 
and terra-cotta lumber. 

' See map, U. S. Geol, Surv., Bull. 65. 

* The Clays of Western Pennsylvania, Ann. Kept. Pa. StatN^rilege, 1897, p. 137 


Pittsburg coal. 
Conceals. . .. 
Limestone. . . . 
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Shales, vari^ated . 

I 

Limestone.. 

Red shale 


Concealed 

Sandstone, Morgantown 

Coal, Elk Lick 

Shales, variegated 

Coal 

Limestone 

Shalesj^ variegated 

Limestone, Ames 

Coal, crinoidal 

Red and variegated shale 

Sandy shales and sbaly sandstone. 

Coal, Bakerstown 

Shales and sandstone 

Limestone, Upper Cambridge 

Sandstone, massive 

Tdmestone, Lower Cambridge. ... 

Shales 

Coal, Masontown 

Shales 


Sandstone, Mahoning. 



Pia. 62.— Section df Upper Barren Measures in Pittsburg legion, Penn. 
tAtte.%1. C. White, U. S. Cool. Surv., Bull. 66.) 



PlelstoeiXM dnift . - ^ _ 

These are distributed over miest of the State, vh^#ie df 
oharaeter and rarely of great extent. Around jf^laddphia the-^i^ 
umbian loams have for many years been work^ for both common 
pressed brick. ' ' 

In western Pennsylvania clays are found under many river terraces, 
notably along the Allegheny, Monongahela, Beaver, Ohio, and Youghi<^ 
gheny.i Along the Ohio and Beaver rivers there {ire three well-marked 
terraces, lying respectively 30-50, 160, and 200-250 feet above the riveis 
level. Clays, which are dug in the highest and lowest of these, are used, 
for brick and earthenware, and excellent results are sometimes also 
obtained by mixing these with shales. 

Analyses op Pennsylvania Clays 


irHte wb*d clay, rwidttai. 11. Coflshol^kitii. pa*a..cok^ 


fiwoiay. Vi. Soraenwt County, Mt. 8A 


umace. lemierouB ww .r., 

KUht Brtw.. BoHvar undtr>«lay, Siatjelw. XI*. 

"lib New Brighton, MendeabaS it (^im^rilda 
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:Keferences on Pennsylvania Clays 

1. Ashburner, C. A., Report on the Brandywine Summit Kaolin 
Bed, Delaware County, Geol. Surv. Pa., Ann. Rept. for 1S85, p. 592, 
1886. 

2. Ashley, G. H., Notes on Clays and Shales in Central Pennsylvania, 
U. S. Geol. Surv., Bull. 285, p 442, 1906. 

3. Butts, C., Economic Geoloi^y of the Kittanning and Rural Valley 
Quadrangles, Pa., U. S. Geol. Surv., Bull. 279, ]). 162, 190('^ 

• 4. Clapp, F. G., Economic Geology of the Amity (Quadrangle, 
Eastern Washington County, Pa., U. S. Geol. Surv., Bull. 300, p. 129, 
1907. 

5. nice, U. U., The ('lays of the Upper Ohio and Beaver River 
Region, 4 runs. Amer. ('eram. So(‘., VI 1, Pt. II, ]). 251, 1905. 

6. iIo|)kins, T. (k. Feldspars and Kaolins of Southeastern Pennsyl- 
vania, Jour. Frankl. Inst., ('XIA’lIl, p. 1, 1899. 

In (Ther parts of the State many local deposits are employed for 
common and pressed brick.' 

7. Hopkins, T. C., Fire-(4ays, Mines and Minerals, XIX. }>. 53, 1898. 

8. Hopkins, T. ('., Clays and ('lay Industrie's of Pennsylvania, Pt. 
Ill; ('lays of the Great Valley and South Mountain Areas, Pa. State 
Coll., Ann. Rept., 1899 1900, Appendix, 45 pp. 

9. H()[)kins, T. (k, ('lays and ('lay Industries of Pennsylvania, Pt. TI. 
Clays of Southeastern Pennsylvania (in part), Jkn State Coll., Ann. 
Rept., 1898 99, Ap])endix, 76 ])])., 1900. 

10. Hopkins, T. ('., A Short Discussion of the Origin of the Coal- 
measure Fire-clays, Amer. Geol., XX\TII, p. 47, 1901; also Mines and 
Minerals, XXII, p. 296, 1902. 

11. Hopkins, T. C., The White ('lays of Southeastern Pennsylvania, 
Eng. and Min. Join., LXX, p. 131, 1900. 

12. Hopkins, T, C., (Jays and ('lay Industries of Pennsylvania, Pt. I; 
Clays of Western Pennsylvania (in part). Pa. State Coll., Ann. Rept. for 
1897, Appendix, pj). 1- 183, 1898. 

13. Lines, E. F., Clays and Shales of Clarion (Quadrangle, Clarion 
County, Pi#., U. S./Icoh, Bull. 315, p. 335, 1907. 

14. Platt, F., Tests of Fire-brick, Pa. Geol. Surv., Rept. MM, 
p. 270. 

15. Phalen, W. C., and Martin, L., Clays and Shales of South- 
western Cambrik County, Pa., U. S. Geol. Surv., Bull. 315, p. 344, 
1907. 


' Many localities are noted in Prof. Paper 11, U. S. Geol. Surv., pp. 235-238. 
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IG. Ries, H., Clays of the United Slates, Kast (ft the Mississippi,. 
J. S. Geol. Sur\\, Prof. Pap. 1 1, lOOd. : 

17. Stone, R. W., Mineral Resources of the Elders- Ridge Quadrangle, 
Ua., U. S. Gcol. Surv., lUill. 256, p. 77, 1005. 

IS. Stose, G. W., White Clays of South Mountain, Pa., U. S. Geol. 
5urv., Bull. 315, p. 322, 1007. 

19. Wright, G. F., The Age of the Philadelphia Brick-clay (Pennsyl- 
irania), Science, n. s., iii, p. 242, 1S96. 

20. ^lany Analyses in Penn. Geol. Surv., Rept. MM, p. 257 et seq. 

21. Scafeered notes in Rejtorts of Sec. Penn. Geol. Surv., especially 

II4, II.5, C4. ('5. ‘ 

22. Woolsey, L. H., Clays of the Ohio Valley in Pennsylvania, U. S. 
Gcol. Surv., Bull. 225, p. 463, 1904. 

BTIODE ISLAND 

This State has very limited clay resource's. Glacial clays are known 
at a few points around Narragans(‘tt Bay, but the principtil occurrence 
is found in the town of Barrington, where the depo.sits of Muish- 
gray, soinetinics sandy clays are worked for the manufacture, of 
common brick. 


References on Rhode Island Clays 

1. Woodworth, J. B., Shaler, N. S.. Marbut, C. F.. The Glaciid Brick- 
clays of Rhode Island and Southeastern Massjichusetts, U. S. Geol. 
Surv., 17th Ann. Rept., l^t. I, p. 957, LS9G. 

SOUTH UVliOLINA 

The northwestern part of the State is underlain by crystalline rocks, 
which extend to the edge of the coastal plain, the line of division passing 
a short distance southeast of Chesterfield and Camden, through Columbia 
and west of Aiken. 

Residual Clays 

These are to be sought for throughout the crystalline belt, and are 
u.sually impure. No kaolins are reported, but many of the white-burn- 
ing sedimentary clays of the coastal plain are incor^jectly termed such. 

Coastal-plain Clays 

The formations of this area range from Potomac ^to Columbian in 
age,' and consist of clays, loams, and marls. Of these the Potomac 

‘Darton, U. S. Geol. Surv.. Bull. 148. 



Fia. 2.-(leiioral view <,I valley at Thurber, 'I'ex., underlain l.y paving-brick shale. 
(Photo by H. Hies.) 
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beds are by far the ijfiost important, outcropping in a belt from 4 to 5 
miles wide, reaching from Augusta, Ga., through Aiken south of Lexing- 
ton, land through Columbia to Camden and Cheraw.^ This contains 
lenses ’ of white clay which are worked at Aiken, Columbia, Sievcrn, 
and other points. The clay usually has to be washed and is sold 
chiefly to paper manufacturers. The Eocene deposits to the southeast 
of the Potoimac area also carry clays of value. These deposits have 
recently been described in some detail by the South Carolina State 
geologist.^ 

The chemical and physical properties of a number of thege, taken 
fromtthis report, are given in the accompanying table. 


Analyses of South Caholina Clays 



I. 

II. 

III. 

IV. 

V. 

Silica (SiOa) 

Alumina (AI2O3) 

Ferric oxide (Fe203) 

44.23 

38.98 

0.77 

0 03 

43.18 

37.36 

0.91 

44 11 
38.19 
1.55 
0.14 

45.69 

37.47 

1.01 

trace 

42.30 

36 94 

2 64 

0 80 

Magnesia (MgO) 

Potash (K2O) 

0.07 

0.26 

0.55 

0.50 

2.00 

trace 

0.50 

0.53 

‘ 0.08 
0.69 

0.78 


0.85 


1.30 

1.44 


Ignition 

13.58 

14.32 

13 37 

13 98 

15.43 


VI. 

VII. 

VIII. 

IX. 

X. 

Silica (Si02) 

79 40 

53 19 

54 40 

52 46 

52.41 

Alumina (AI2O3) 

10 70 

33 41 

30.14 

26 81 

21 14 

Ferric oxide (Fe 203 ) 

2 57 

1.67 

2 10 

1.79 

12 02 

Lime (CaO) 

0.58 

0 10 

0 46 

0 81 

1 04 

Magnesia (MgO) 

1.05 

0.25 

0 54 

0.33 

0 56 

1 . . . 

1.21 

0.66 

0 87 


0 95 

fNn.O'i 

0.23 

0 12 

0.12 


1.12 

Titanium oxide (Ti02) 

Ignition 

0.55 

3 94 

0 37 

10 63 

'ir37 

14.44 

1.47 

8 95 


I. Immaculate Kaolin Co., IjanRley. 

II. Sterling Kaolin (>., near Warrenvillo, 
III! J. Hrodie, 12 niile.s north of Aiken. 

IV. Imperial Kaolin Co , Sievern. 

V. Carolina Fire-brick (>>., ea^^t of Killian, 
Vl! A. W. Suder. Clarendon County. 

VII. Dents’ Pond. 

VIII. A. B. Osborne. Union County. 

IX. R. Hamilton, Joneaville. 

• X, Di* Parker, Eklgefield, 


* Darton, U. S. Geol. Surv., Bull. 138, p. 208. 

» E. Sloan, S. C. Geol. Surv., Series IV, Bull. I, 1904. 
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SOUTH DAKOTA 

Very little information has been published rej2;arding the clay^ nnd 
shales of this State, and it isdiflieult to discuss them by formii^’ .ms, as 
has been done with most of the other States. 

Aside from s(;attered refer/Mices, the best and most recent informa- 
tion is that given by J. E. Toddd from which most of the facts below are 
taken. 

Clays abound in many parts of the State, the most important deposits 
being ffUind in (he (Tetaceous, which is largely composed of clay- or 
shale-d(‘posits, but (‘lays of the lower grades arc not wanting in the 
Pleistocene formations. None appear to have been noted from the 
Carboniferous. It seems likely that, owing to the absence of local de- 
mand, distance from important markets, and in some cases remoteness 
of the deposits from railroads, the development of the beds, unless of 
high grade, will be n('C(‘ssarily slow. 

Kaolin, apparently derived from the weathering of a granite vein, 
has been report(?d from the vicinity of Custer, but much of it is said to 
be white-burning and of comparatively easy fusibility. The ])ossibility 
of finding it in the Harvey Peak and Nigger Hill regions is also sug- 
gested. 

Pirc-clays are found at three or four horizons in the Fuson formation 
of the Cretaceous, and are best develoi)cd in the vicinity of Rapid City, 
where they have been used for fire-brick manufacture. Similar beds 
occur at Hot Springs. Analyses of the Rapid City clays are given below. 

It is possible that fire-clays may underlie the lignite beds of the 
Laramie in the Cave Hills, but no search has been made for them. 

Potter’s clays have not been definitely located, but there arc many 
drab and gray plastic shales in the Fuson, Dakota, Pierre, and Ijararnie 
formations of the Cretaceous, which might answer for this purpose. 
Some of the Tertiary beds may also prove of value. 

These materials are distributed in all parts of the State, but east 
of the Missouri River the heavy covering of glacial deposits renders 
them more or less inaccessible, except where they have been exposed 
along the larger streams. 

Brick-clays have not been extensively worked. Professor Todd states 
that: “Over much of the State, particularly in close proximity to the 
principal towns, good brick-clay is not very accessible. This results 
from the fact that the settlements have been mainly made in the glacial 
region east of the Missouri and in the mountainous region of the Black 

* S. Dak. Geol. Surv., Bull. No. 3, pp. 101-107, 1902. 
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Bills, where the cla]^s are generally stony. ... In the regions between, 
Ahere clay is more abundant, the population has been small and fuel 

^ sc^i^e^ 

AmJVium is used for common and pressed brick at Vermilion, Clay 
County, and the same products are made from similar materials at 
feapid City, De Smet, Big Stone City, Lead City, etc. 

The glacial clays are usually unsatisfactory, because of the pebbles 
and concretions which they contain. 


^ Analyses of South Dakota Clays 


• 

I. 

II. 

III. 

Silica (SiO,)....: 

83.30 

76.78 

81.9^ 

Alumina (AljOs) 

12.30 

14.43 

13.08 

Ferric oxide (FejOa) 

0.80 

0.18 

0.21 

Lime (CaO) 

1.30 

2.18 

1.46 

Magnesia (MgO) 

trace 

0.95 

0.31 

Alkalies (NajOjK^O) 


trace 

trace 

Loss on ignition 


4.62 

4.07 


97.70 

99.14 

101.11 

I, Rapid city* 

II. East fllotw of ridge at Rapid City. From S. Dak. Geol. Surv,, 
HI. Rockerville Hill, Rapid C«ty. 

Bull 3. 


References on South Dakota Clays 

1. Todd, J. E.,The Clay and Stone Resources of South Dakota, Eng. 
and Min. Joiir., LXVl, p. 371, 1898. 

Todd, J. E., The Mineral Resources of South Dakota, S. Dak. 
Geol. Surv,, Bull. 3. 


TENNESSEE 

The western part of Tennessee contains valuable deposits of re- 
fractory bond clays of Tertiary age, but other clays are known tp 
occur in the pre-Cambrian, Cambrian, Ordovician, Silurian, Devonian, 
Clkrboiiiferous, Cretaceous and Pleistocene. 

The j»e^mbrian rocks occur in small areas along the eastern border, 
of them, and folded into many narrow belts, lie rocks of Cam- 
brfcSSlurto a^. Th^ Carboniferous extends from the eastern edge of 
the CJltoherlknd Plateau westward to beyond the Tennessee River. A 
letpie (aiea of Silurian is found in the central part of the State, while 
Wiolhfer fe found along the Tennessee River in the southern half of the 
This is followed by a broad belt of Tertiary, which in turn b 
the Mississippi River by a band of Pleistocene. 
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Pre-Cambrian Clays ^ 

No kaolin-deposits have been described from the crystalling^- area 
of eastern Tennessee, although it is probable that some at least exist, as 
the author has seen samples of kaolin from this region. They will be of 
little commercial value, however, unless located fairly cIom to lines of 
transportation. 

Palaeozoic Residual Clays 

The rocks of the Palseozoic formations yield residual clays from 
both limestones and shales. These are usually impure, although- often 
tough and plastic, and are much used for brick- and tile-making.i 

Some of the highly siliceous clays derived from the Knox dolomite 
are refractory,* and fire-brick are made from them near Cleveland. At 
Smithville a white clay, derived from the slate in the upper part of the 
Fort Payne division, is used for pottery. 


Carboniferous 


There is but little recent reliable information relating to Carbon- 
iferous clays or shales in Tennessee. 

J. M. Safford, in his report on the Geology of Tennessee published 
in 1869 refers to the following occurrences of clay in the Carboniferous: 

Near the Cumberland Iron Works, in Stewart County, is a bed of 
fire-clay of Lower Carboniferous age;* another occurs 4 miles southwest 
of Cumberland City, in Stewart County; in the valley of Crow Creek, 
near Anderson station, the coal-measures at the margin of the table- 
land show a fire-clay 3 feet thick, 163 feet below the top of the cliff ;« in 
Franklin County, near the Grundy County line, and 4 miles northwest 
of the track of Sewanee road at the old Logan bank, is a bed of clay 115 
feet below the conglomerate; ® near the lower end of the Battle Creek 
Valley, in Marion County, is a bed of fire-clay 2 feet thick; 5 miles south- 
east of Tracy City, and IJ miles from Parmly Bank, a bed of clay \md«s 
lies the main Sewanee coal; « another occurs at the north end of !4»l^t 


‘ Msnv Mattered references, but of very brief character, are to be 
U. S. (W.i;irv., Geol. Atlaa Foboa, aa follows; No. 21 (“)i « 
69 (BrisUd); 4 (Kingston); 8 (Sewmee); 2 (Einggokt,; 83 (8te~n** 
Wartburg; 27 (Morristown); 22 (McMinnv^). ^ 

» U, 8. Geol. Sutv., Geel. Atlas, Folio No. 2 (Ringgold). , 

• Bafforf. Geology of Tennessee, p. 349. 


•Ibid.,p.372. 
•Ibid., p.873. 
•IMd., p. 880. 
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Mountain, below the upper conglomerate.^ Many of the under-clays of 
the coal-seams, according to Safford, arc of refractory character.^ Fire- 
mostly undeveloped, are said to be associated with the coals in 
theaSi^ covered by the following Geologic Atlas Folios: Standingstone, 
No. 53; Wartburg, No. 40 (used for pottery).^ 

In the Kingston region the beds of clay which underlie the coals are 
no doubt refractory in many cases, but they arc wholly undeveloped.'* 


Tertiary 

In, western Tennessee the plastic clay immediately underlying the 
Lafayette formation serves as the basis of a rather active stoneware 
and fire-brick industry. The section usually seen in the clay-pits involves 
red Lafayette sands, which seem to overlie unconformably the beds of 
stoneware-clay and white sands. 

One pottery, located at Grand Junction, used clay from the various 
pits of the vicinity. The clay varies in quality. In the pits of the 
Irwin Glay and Sand Company, IJ miles east of the station, along the 
railroad, the section is:^ 


lied 8and 

White sand 

White clay 

Gray lignitic clay. 
White clay 


Feet. Inches. 


<S 

<S 

8 

20 


10 


The clay-deposits arc very irregular, sometimes running together to 
form overlapping lenses in the white and yellow sand. Potteries arc in 
operation at Mackenzie, Jackson, and Pinson, but at the latter locality 
the clay is also used for fire-brick and tiles.^’ 

The clay at Hico, 3 miles south of Mackenzie, is shipped to the pot- 
teries at Akron and East Liverpool, Ohio, and Louisville, Ky., while 
the clays from Hollow Rock are shipped to Nashville. 

‘ Safford, Geology of Tennessee, p. .TS.”), 

^ Ibid , p. 51. ‘t. 

* See also Geoiogic Atl^^s IT. S. Folio, .‘l.'i Briceville; Folio 21, Pikcvillc; Folio 4, 
* Kingston. 

* Idem, Folio 4, Kingston. 

^ Eckel, U. S. Geol. 8nrv., Bull. 213, 1903, p. 382. This di.strict has been more 
recently referred to by Crider, U. 8, Geol. Surv., Bull. 285, p. 417, 1900. 

® Idem. 
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Three miles east of Currier are the pits of 1. Handle, where an area 
60 by 50 feet has been opened up. The section is as follows: 

East Side. West Side. 

2 feet clay Reddish sand r 

4 feet clay 15 feet light-gray clay 

1 foot black clay (lignitic) 1 foot black clay 

5 feet brown clay (ball-clay) 5 feet ball-clay 

The bases of the two sections are at the same level, hence the beds 
arc very irregular. The light-gray clay is shipped to East Liverpool 
Ohio, foV saggers, and the ball-clay is known as Tennesssee ball-clay 
No. 3. Tests of samples of this clay, made by S. Geijsbeek, show that 
it leaves 10 per cent residue on a 175-mesh sieve. Its rational com- 
position is: 

Per cent. 


Clay substance 91.35 

Feldspar 2.70 

Quartz 5.95 


It will carry as much as 72 per cent of non-plastic material. The 
shrinkage at cone 1 is 12.5 per cent; at cone 2, IS per cent. It burns 
white at cone 1 and gray at cone 8, being vitrified at that temperature. 
This is located 5 miles from Paris, and the clay is shipped from Currier, 
which is 3 miles from the mine. 

Tennessee ball-clay. No. 1, found in Henry County, shows the follow- 
ing rational analysis: 

Per cent. 


Clay substance 86.20 

Feldspar 2.70 

Quartz 11.10 


It carries 60 per cent non-plastic material to the mixture. The 
total fire-shrinkage at cone 8 is 15 per cent, and at this temperature 
it burns to a cream-white color and dense body. 

Alluvial Clays 

Alluvial clays are found in many of the river valleys, and in most 
cases are the wash from the residual clays of suih-ounding areas. They 
often underlie the river terraces. These terrace-clays are used in the 
Maynardville area.^ Others are common in the region around Morris- 


‘ See Geologic Atlas U. S. Folio 75, Maynardville. 
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finpeijially in ftie low grounds of the Lick Creek, Nolichucky, and 
^^^nch Broad valleys. 

following analyses of Tennessee clays have been gathel^ from 
differed; sources; 


Analtsbb or Tennessee Clats 


LoesUty. 

SiO». 

A),0.j 

Fe*0>. 

CaO. 

MgO. 

Aik. 

HgO. 

Mois- 

ture. 

MnO. 

Remarks. 

Loudon. ...... 

Station. 
Chattanoofn. . . 

Robbi£ 

46 06j 
08 36 

68 U 

1 

70.67 

39.03 

12.09 

20.42 

15.10 

4.60 

6.44 

1.84 

7.97 

4.70 

0.23 

0.16 

0.78 

4.80^ 

1 

0.33 

0.32j 

2.14 

2.18 

2.80 

10 

7 

6.50 

1 

8 

0.9 

trace 

Crossley, analyses of 
clays 

J. W. fflocum, anal, 
Tennewne ^vins- 
brick Co. _ 
Clay-Worker, Doo.. 
1^ 


References on Tennessee Clays 

1. Schroeder, R. A., Ball Clays of Western Tennessee, Resources of 
.Tennessee, IX, No. 2, 1919. 

2. Ries, H., The Clays of the United States East of the Mississippi , 
River, U. S. Geol. Surv., Prof. Pap. 11, 1903. 


TEXAS 

Deposits of clay or shale are scattered over all parts of Texas, but ^ 
only those in the eastern part of the State have been systematically 
investigated. Indeed, it is not likely that those occurring in the western 
part will be developed to any extent for some time, owing to the sparsely 
settled character of the country and lack of transportation. 

The annual reports of the First Geological Survey contain scattered 
mferences to clay-deposits, but few tests. In 1903 the University 
Jfineral Survey undertook an examination of those deposits lying east 
the 99th meridian, and the results of this work have appeared in 
form.® The following remarks, unless otherwise stated, deal 
area mentioned. 

Pig. 63, shows the location of nearly all the deposits examined, 
;ioh to .the geology of the State, and the type of clay found at 
Fromtthis map it will be seen that the clay-deposifcs 
the area under discussion range from Carboniferous |o 
in age, the older deposits being found in the northwestern 


* Qeologie Atlas U. S., Folio 27, Morristown. 
V * Aoaor. Ittfl. Min. Eng., Bimon. Bull., 1906. 
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part of the area, while those of the Cretaceous arid Tertiary lie to the, 
east, southeast, and south. The Pleistocene clays are found in 



a belt along the coast, and in part along many of the larger rivers, where 
they often underlie extensive terraces. 
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Carboniferous Clays 

^he Carboniferous rocks of northern Texas outcrop in a broad belt 
extendkg from the south side of the Colorado River Valley, between 
Lampasas and Concho counties, northward as far as the Red River 
in Montague County. This belt is about 250 miles long and Jiverages 
about 45' miles in width. The rocks consist of a succession of shales and 
sandstones, together with occasional beds of limestone and coal, showing 
a gentle west and northwest dip of a few feet per mile. The entire series 
'is*^»fedivided into five groups (Ref. 2). Scattered through these are a 
numbjpr of beds of shale of excellent quality, some of which are asso- 
ciated with the coal-seams and could be mined in connection with 
them, while others outcrop on the surface (Pi. XXXVII, Fig. 1), where 
they are easily accessible for working. 

These shales have been worked at only three localities, namely, Thur- 
ber, Millsap, and Weatherford, and are used for dry-pressed brick, stiff-mud 
paving-brick, and for pottery. Other good deposits are known to occur 
'at Graham, Bridgeport, and Cisco. None of these, as far as known, are 
of refractory character. Some, as might be expected from their close 
association with coal-seams, are quite carbonaceous, and therefore 
of less value, because of the trouble they would cause in burning. The 
uniformity of the Carboniferous shale-beds is much greater than that 
of the Tertiary clays, and they moreover extend over greater areas. 

Cretaceous Clays 

Lower Cretaceous. — ^The formations of this age occupy an area to 
the east and south of the Carboniferous beds. They are not utilized, nor 
do they appear to contain any deposits of use for anything better than 
common brick. They can therefore be passed over. Near Leaky, 
Edwards County, Texas, there occur some most curious deposits of a 
white clay, which has usually been referred to as kaolin.^ The material 
is a whitish clay, with pink and purplish mottlings, which forms vein- 
like deposits in the Edwards limestone. Scattered through it are crys- 
talline masses of aragonite(?). Owing to the condition of the workings 
it is difficult to determine its exact relations to the surrounding limestone. 
As the deposy;s are o^f small extent and 40 miles from the railroad their 
commercial value is doubtful. 

Upper Cretaceous. — This division of the Cretaceous carries a number 
of important clay-deposits, some of which are of great extent, but 
unfortunately are not the most valuable clay-beds in the State. 


^ First Geol. Surv. of Texas, 2d Ann. Rept.. p. li, 1891. 
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’The Upper Cretaceous rocks extend across TcTxas in a broad ^ 
from the Red River north of Sherman down to Eagle Pass, which lies aboi^ 
the middle of the band. Fort Worth is on the western edge and 
towards the southeastern border. A second belt extends alopg the Red 
River, with narrowing width, until it passes out of the State in th^ 
northeastern corner. Since the dip is to the southeast, the older beds 
are found along the western edge of the belt, and the higher or younger 
ones on the east where they pass below the Tertiary strata. Owing to 
the dissimilarity of the several numbers of this group, it becomes ne ces- 
sary to r|fer to them individually, beginning with the oldest. 

Woodbine formation. — ^Thls consists of a series of sandstones, clays, 
and clayey sands, often (containing leaf impressions and lignite. While 
the clay-beds are usually sandy or even bituminous, they become locally 
pure enough, as at Denton, to be utilized for clay-products, although 
even here the beds are rarely of great extent and usually interbedded 
with sands. The clays, which are worked at both Denton and Lloyd, 
closely resemble the stoneware-clays of the Tertiary beds to the 
southeast. They are mostly of very plastic, serai-refractory, buff- 
burning character and are utilized for both common stoneware and 
pressed brick. 

Eagle Ford formation.—This includes a series of bituminous clay- 
shales, which in places contain thin limestone beds. It is one of the 
most extensive and thickest clay-bearing formations in the entire State 
of Texas, and occupies a rather long narrow belt, as shown in Fig. 63. 
While the Eagle Ford clay is of great thickness and well located for 
working, it contains about' all the undesirable elements that a clay might 
have, namely, concretions, limestone pebbles, gypsum lumps, and eveii 
pyrite. Moreover, its bituminous character, as well os extreme tough- 
ness, causes great trouble in its manipulation, and practically forces th^ 
clay-worker to mold it by one method, the dry-press process, other mci^i 
yielding a brick of too dense character to permit the carbon in th^ 
to burn off. The clay is red-burning, and extensively used for 
around Paris, Sherman, Dallas, and Waco. 

Taylor-Ravarro marls, overlying the Eagle Ford 8tratigrapl^y^||i 
separated from it by the Austin Chalk, form an extensive 
which parallels that of the Eagle Ford formation; The 
clays, and in their general physical and chemical properties bj mjjlP I 
i^emblance to the Eagle Ford beds. The Taylor mins a^e 
distinguishable from the Navarro marls, which outcrop to 

them and resemble them closeiv. and for this 
inoKided under a single head. 
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The Taylor-Ni^arro marls are all plastic, sometimes glauconitic, 
red-burning clays, and are worked for dry-press brick at Cooper, Green- 
le, Corsicana, Taylor, and Ferris. 

Ai Eiigle Pass, which lie's outside the east and central Texas area 
J^tudied, the Eagle Pass formation, which occurs at the top of the U])j)er 
Cretaceous, contains shales associated with the coals, and while some 
of these at least are probably adapted to the manufacture of clay-pre>ducts, 
no tests of them arc available. 

Tertiary Clays 

The clays found in the Tertiary formations include the most import- 
ant ones in eastern Texas, but, owing to the lenticular character of the 
beds and the enveloping deposits of sand with which they are frequently 
associated, prospecting for them is often rendered more or less dillicult. 
From the wide distribution of the deposits (Fig. C3) it would appear 
that in certain belts of the Territory at least, as mentioned below, clays 
are to be sought for with excellent chances of success. 

In Webb County, west of Laredo in southern Texas, shales are found 
associated with the Eocene coals, and some of those obtained from the 
mines at Cannel are weathered and then shipped to Laredo for making 
dry-pressed brick. 

The other Tertiary beds of eastern Texas consist largely of uncon- 
solidated materials which range from coarse gravels to very fine clay, 
but .containing occasional beds of sandstone, limestone, and lignite. 
Several members are recognized, namely, Will’s Point, Lignitic, Marine, 
Yegua, Fayette, and Frio. Of these only the Lignitic and Marine are 
of importance. 

Lignitic. — These beds outcrop in a long but irregular belt (Fig. 63), 
and contain the following types: 

1. Beds of plastic, buff-burning, semi-refractory clay associated 
with the lignite deposits; they are well adapted to the manufacture of 
pressed brick. 

2. Red-burning, plastic, gritty clays, overlying the lignites, and 
worked at Rockdale ff)r dry-pressed brick. 

3. Red-l§urningy» tough, shaly clay, occurring at New Boston and 
Sulphur Springs. 

4. A widely distributed series of grayish, highly plastic clays of 
refractory or semi-refractory character, and used for stoneware, fire- 
brick, etc. The following analyses p. (431) represent groups I, II, III. 
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Analyses 

OF Tertiauy Clay 

Types 


Silica (SiO.) 

I. 

II. 

III. 

()9.33 

72 99 

70 G/: 

Alumina (AlX >.t) 

19 3.S 

14.70 

18.14 

Ferric oxide (tcjO.J. . .. 

1 OG 

4. .5 

0.8ii 

Lime (CaO) 

0 86 

0 G 

0 339 

Magnesia (Mg()) 

0 S() 

0 3 

0 G28 

Potash (K.O) 


1 5 

0 41 

Soda (Na,()) 

0 08 

0 7 

0 55 

Titanic acid (TiOj) 

1 40 

1 00 

1.14 

Water (HJ)) 

5 49 

4 20 

G.18 


Stoneware is iiiadc from these clays at Klmeiulorff, Athens, efc’.; 
fire-bricks at Athens and Sulplnir Sprinj^s; sewer-pipe at Saspanico, and 
pressed brick at Kl^in, Atliens, AlalakolT, etc. 

Marine beds. — Tlu'se are usually of sandy or glauconitic character, 
but here and there ciirry clay-deposits of some economic value, and 
adapted to making buff brick and stoneware. They are worked at 
Nacogdoches, Henderson, and Husk. 

Pleistocene 

This formation includes clays of several types. They form a rather 
broad belt along the (lulf ('oast (Fig. ()3), where they are mostly of 
sandy character, the Beaumont (days worktal for brick around Beau- 
mont and Houston being the most notable exception. These are tough, 
plastic, brown, blue, and yellow clays, carrying irregularly distributed 
nodules of limestone and underlying a broken belt extending from Cal- 
houn County to Jefferson County. They are all red-burning, and used 
chietty for common brick and to a lesser extent for dry-press brick. 

A second important type includes the river silts found underlying 
the terraces ahjng many of the large rivers, such as the Rio (Jrande, 
Colorado, Neches, etc. These clays are always silty or sandy and highly 
calcareous, the lime carbonate being present as concretions, lumps, shells, 
or in a finely divichxl condition, and forming at tinu's over 50 per cent of 
the material without apparently diminishing its plasticity. They arc 
especially well seen and extensively worked at Austin and Liiredo. 
Though chiefly used for common brick, tlu^sc clays have also been work( 3 d 
for pressed brick, and in a few localities, as near *8an Aillonio, they 
are of the proper character for employment as a slip for stoneware. For 
practical purposes the clays found within the area just discussed can 
be divided into the following grcnips: I. Fire-clays; II. Stoneware- 
clays; III. Brick-clays; (a) Buff-burning, non-calcareous; (h) Red and 
brown-burning; (c) Calcareous; (d) Sandv: IV. Paving-brick clays; 
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I dislnbutipn is shown on the. map Fig. 63 and a 
^ reprei^t|itiye analys6sS^Je given beiow. 

ANAtYSES OP Texas Clays 


% Sip- 
lew rep 



Silica(SiO,) 

Alumina (Al^a) 

Ferric oxide (Fe^a). . . 

Lime (CaO) 

Magnesia (MgO). . .. . . 

Potash (KaO) 

8o^ (NajO) 

Titanioacid (TiOa)* •• • 

Water (HA» 

Sulphur trioxide (SOa). 

O^nic ndatter 

OtShm dioxide (CO«). 
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Physical Tests op Texas Clays- -Conti >iuea 



X. 

Xi. 

XII. 

XIII. 1 


XV. 

Per cent water required 

23.1 

37.4 

23.1 

23 


25,3 

Plasticity 

good 

high 

good 

high 

\'0W'\ 

good 

Average tensile strength, lbs. per stp in. 

15.5 

154 

303 

316 

77 i 


Air-shrinkage, per cent 

8.5 

11.6 

9.4 

9,3 

4 

6.2 i 

nnnp n'i ^ l^’ire-shrinkage, per cent. . . 

tone 00 1 Absorption, per cent 

p . 1 Fire-shrinkage, per cent. . . 

U)ne 1 < Absorption, per cent 

0 

5.33* 

0.3 

0.4 

-0.3 

-4.7 

15.68 

16.49 

10.52 

6.63 

9.14 


1.6 

11.33* 

0 3 

0.8 

0 

1 

13.13 

5.77 

9.39 

4.43 

9.45 

23.49 

p / Fire-shrinkage, per cent. . . . 

t<one o < Absorption, per cent 

p Q / Kire-shrinkage, per cent. . . 

tone y | Absorption, per cent 

3 

14 05 
4.3 

6 83 


0.4 

7.29 


0.7 

9.55 

1.3 

8.39 

7 

^95 

Cone of fusion.. 

30 

5 

9 

5 

12 


Color after burning 

buff 

red 

rod 

red 

rod 

(Team 


* Dry presBed. 


Localities of Preceding Anattses 


No. 

Location. 

Age. 

Use. 

1. 

Thurber, Erath County 

Coal-measures. . . . 

Paving-brick 

11. 

Top clay over lower coal, Minera, 

Cretaceous 

Un worked 
<( 

III. 

IV. 

Leaky, Edwards County 

Dallas, Dallas County 

(( 

Eagle- Ford-Creta- 

V. 

Ferris, Ellis County 

ceous 

Taylor marls. . . . 

Brick 

VI. 

S. E. of Lena, Fayette County 

Tertiary 

Un worked 

VII. 

Vogel mine, Rockdale, Milan County. 

Lignitic-Tertiary 

Brick 

VIII. 

Saspamco, Bexar County 

it < ( 

Sewer-pipe 

IX. 

Athens, Henderson County 

(( (( 

Fire-brick ^ 

X. 

XI. 

New Boston, Bowie County 

Alazan Creek, San Antonio, Bexar 
County 

Tertiary 

Pleistocene 

Pressed brick 

Slip-clay 

XII. 

Beaumont, Jefferson County 

i i 

Pressed brick 

XIII. 

XIV. 
XV. 

Houston, Harris County 

Colmesneil, Tyler County 

Austin, Travis County 

K 

tt 

‘ ‘ ter- 

( f 

Common brick 


race-clay 

Common brick 


Nos. VII and XV, S. H. Wcrrell. analyst; the rest analysed by 0. H, Palm. 


References on Texas Clays 

1. Adams, G. I., Oil- and Gas-fields of the Western Interior and 
Northern Texas Coal-measures, U. S. Geol. Survey Bull, 184, pp. 37 to 
47, 1901. 

2. Drake, N. F., and Thompson, R. A., The Colorado Coal-field of 
Texas, 4th Ann. Kept., Tex. Geol. Surv., p. 357, 1893. 

3. Hayes, C. W., and Kennedy, W., Oil-fields of* the Texas Louisiana 
Gulf Coastal Plain, U. S. Geol. Surv., Bull. 212, pp. 15 to 32, 1903. 



i 

enrose, R. A. F., Preliminary Report on the Geology of the 
f-Tertiary of Texas, Tex. Geol. Surv., 1st Ann. Rept., p. 5, 1890. 

Ries, H., The Clays of Eastern Texas, Trans. Amer. Inst. Min. 
Eng., Bimonthly Bull., 1906 and Bull of Univ of Tex., 1908. 

8. Taff, J. A., and Leverett, S., The Cretaceous Area North of the 
Cjjjrado River, Tex. Geol. 8urv., 4th Ann. Rept., p. 241, 1893, 

^ t. Vaughan, T. W., Reconnaissance in the Rio Grande Coal-fields 
of Texas, U. S. Geol, Surv., Bull. 164, 1900. 

10. See also scattered references in the first to fourth annual reports 
of Texas Geological Survey, especially under county descriptions. 

UTAH 

The writer has not seen any published information of value regard- 
ing the clay resources of this State. Common brick-clays are to be found 
at many points, and at the St. Louis fexposition there were exhibited 
samples of fire-bricks and crucibles made by the Utah Fire-clay Com- 
pany of Salt Lake City, while kaolin samples were shown from Millard 
County and Lehi. 


VIRGINIA 
Residual Clays 

The crystalline rocks, consisting of granite, gneisses, and schists with 
some intrusives extend across the State from north to south in a belt of 
increasing width, whose western boundary follows approximately a line 
running from Harper’s Ferry southwestward, passing a few miles east 
of Front Royal. The eastern edge coincides approximately with the 
“Fall-line.” Residual clays are not uncommon throughout this area, 
but they are usually impure, and adapted to little else but common 
brick. 

Kaolin isu found in Henry and Patrick counties and some promising 
deposits have been developed in the former (PI. XXXI X, Figs. 1 and 2). 

The Cambro-Silurian shales and limestones yield an abundance of 
impure residual clay, which is well adapted to brick manufacture. These 
clays, which are likely to be used throughout the Great Valley region, 
are all red-burning so far as known. 
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Carboniferou^ ^ | I j 

Though containing important beds of^oal, the clayei 
this formation in southwestern Virginia have received but ^1X4 
but it seems highly probable that they contain shale-deposits \)f 
value for making vitrified wares, and even now they are succe«rful^‘ 
worked at one locality, namely, Millhall. ' 

Triassic 

The Triassic shales associated with the coals of the Richmond basin 
have not proven of any value for the manufacture of clay-productsx 


Tertiary 

The Tertiary and Pleistocene formations of the coastal-plain, area 
have received the most attention by clay-workers in the State. 

The Tertiary beds consist of a series of clays, sands, marls, s'and- 
stones, and greensands, which dip gently to the southeast, and are ovei> 
lain by later formations. 

The clay-deposits, which are of Miocene age and usually of lenticular 
character, are most abundant towards the northwestern border of the 
coastal plain, and have 'been noted near Richmond, Bermuda Hundred^ 
Curie's Neck, etc. They are red-burning and often yield a vitrified 
body, but, although to be ranked as among the best clays in the State, 
they are little used. 

Some promising Eocene clays are known between Fredericksbutg 
and Stafford Court House. 

The diatomaceous earths form an extended series of deposits idpug 
the Rappahannock River and around Richmond, but they are worked 
at but one locality, namely, Wilmont (PI. XL, Fig. 1), to make bdill^ 


setting brick and fireproofing. „ . 

Pleistocene ^ 

Pleistocene clays occur at a number of points, but the deposits are|!i 
few exceptions, of shallow character and the material red-burning. 1] 
clays are extensively dug around Richmond for common-brick 
facture, as well as at Norfolk, Suffolk, Petersburg, and several m 
along the James River (PI. XL, Fig. 2). A semi-refractory Pleis™ 
clay is found near Wilmont on the Rappahannock. ^ ^ 'M 

Around Alexandria the Columbian loams are worked on a largefl 
for the manufacture of common and pressed brick, which suppW 
.Washington market. 

foUowing table contains the analyses and 
al' ^ coastal-plain clays : 



FiCf. 1. — View of kaoUii-pit near Oak TiOvel, Va. The ferruginous clay walls are 
clearly contrasted to the white kaolin. (Photo by H. Hies.) 



Fig. 2. — General view of kaolin wa.shing plant near Oak Level, Va. The crude clay 
is washed down the trough from the mine. (Photo by H. Ries.) 
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A2n> Pkybical Ti»i 9 or Viboinia Clays 


-iiioKsai Dakota to wyominq 


‘,411 

^ndeoMoo^ 

logr^so 

white 

r i« «5 0 ® ® p 
r tN.eocooo®o^ 

“*^gpc 4 d'-Hi-idpHco 



99.91 

62.4 
low 

3.6 

34.4 

1.3 
50.96 

1.6 

48.4 
4.6 

41.4 

5.3 
38.3 

buff 

W 

51.12 

26.14 

10.70 

0.10 

0.25 

1.78 

0.77 

0 47 
8.6^ 

99.96 

36.3 
fair 
9.3 

115.3 

0.6 

28.2 

2.6 

23.1 

7 

12.06 

10.3 
3.5 
red 


64.39 

20.49 

4.40 

0.17 

0.91 

2.31 

0.54 

0.08 

6.66 

99.15 

31.9 
high 
11.6 

143.8 

1.3 

16.9 

4 

8.87 

7 

1.5 

beyond 

vit’n 

> 

S?8S2!5:§gS2 

99.95 

20.9 

good 

7.4 
134.8 

0 

17.7 

4.7 

10.1 

8.3 

1.5 

3 

2.6 
red 

> 

M 

73.84 

15.08 

3.39 

0.62 

0.12 

2.17 

0.71 

1.22 

2.81 

99.96 

20.3 
good 

7.6 
111.5 

0 

16.3 

1.6 

15.04 

3.6 
7.2 

6.6 
1.08 
red 

M 

j 

61-83 

21.26 

6.85 

0.38 

0.78 

2.44 

1.01 

0.08 

5.32 

99.95 

29.7 

good 

8.6 

148.8 

0 3 
22.04 
5.7 
12.9 
10-7 
0.12 
4.6 
2.11 
red 

1 


98.95 

25.3 

low 

9.3 
177.3 

0 

18.2 

1.3 
14.2 

2.3 
7.54 

viscous 
at cone 3 
red 

i4 


99.96 

20.9 

good 

6.4 
89.6 

0 

17.40 

1.6 

15.08 

5 

7.1 

6.6 

1.4 
red 
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References on Virgin*! Clays 

®“I''SSKn«mw E.p«« » • “ »' ‘I” 

''%‘^ta II»W St*, « tS th. Mi»i-«PPi 

River, U.S.Geol.Surv., Prof. Pap. 11. 

WASHINGTON 

nt of the Washington clays has been printed, 
No systematic account of t e unsatisfactory. ■ ■ 

and the few J arClay-sM^^ (2) Itesid^^l clays. 

The deposits are divisible into (1) Olay sna , v / 

and (3) Glacial clays. chiefly of Tertiary age. Flint-clay 

Clay-8hales.-Theseap^ar to be chiefly at 

and sewer-pipe clay, -ja^and Puget Sound Railroad, and 

Rummer and Taylor on the ^ Tertiary fire-clays are 

are mined for making . pallfstation, while clays suitable 

also found two miles east o Clayton, 30 miles north 

of Spokane. Othem are known at Sopenan 

obtained near the to^ *„pe occur only in the non-glaciated 

Residual clay8.-I)epos.ts of tluB ty^" g„„„d and 

„i th. s*. ."d 

th. Cotambi. Kvff, ‘I;* bmit clw i. ”»* 

from the weathering of shale. A resw 

»d «"h. .b.» »' “» S»-. Th. .W V. 

Tfid-buming. 


References on Washington Clays 
1. Landes, H., Clay-deposits of Washington, U. S. Geol. Snrr , 

w«h. 0»1. s»v, i». !>./,« I, p. 



I’LA'I'E XL 



Eig. 1. Soctioti showing diatoinaceoiis (‘urtli (Miocene) overlain by I’leistocenc 
clay, Wihnont, Va. (Alter II. Uies, \a. (ieol. Siii\., Hull. Jl, p. 175, HlOll.) 


% 



Eig. 2.— Pleistocene brick and tile-clay underlying terrace, Oldfield on James 
River, Va. (After H. Ries, Va. Oeol. Surv., Hull. 11, p. 166, 1906.) 

4:)5 
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^ . WEST VIRGINIA > 

> tb Vhe oxcoption of a few Pleistocene deposits, the clay-bearing 
of West Virginia are all of Palaeozoic age. 

Silurian 

’ 'The residual clays derived from the Shenandoah limestone are 
found over large areas in IVrkeley, Jefferson, and parts of Hardy. Ham}> 
shire, and iVndleton counties: they have been worked at Pharlestown 
and Sliepherdstown for red brick. 

The shales of this age, known as the Martinsburg shale ^rom tlieir 
type occurrences at the town of that name, are hard and slaty wIk'Ii 
fre'sh, but weather down to a clayey mass which can be used for red-brick 
rnanufaeiture. 

Red shales of Medina age and brown and gray Clinton shales outcrop 
in belts along the mountain-slopes of Mineral, Grant, Hardy, and Pendle- 
ton counties, but are not favoral)ly located for working. 

Devonian 

Tlie Devonian formations, according to Grimsley, consist of sand- 
stoTies and shales, being found in Mineral, Grant, Hardy, Pendleton, 
Preston, Tucker, Randolph, lk)cahontas, Green])rier, and Monnx' coun- 
ties. Th(‘v arc groupc'd under the Hamilton, Chemung, and Catskill 
formations. Many of them are adapted to l)rick manufacture, but they 
arc wo]*ked only at J^Jkins, Randolph County. 

Lower Carboniferous 

The Mauch Chunk shales, consisting of red and grayish-l)luc sliak's, 
green sandstones, and a few thin limestones, form a l)elt extending 
across the State from Pn'ston County, through Tucker, Randolph, 
J\)cahontas, Greenbrier, Monroe, and Summers counties. 

The red sliah'S and tlieir n'sidual clays form an excellent matei-ial 
for making red-pressed brick, the deposits moreover being well located, 
but up to the present time they have not been utilized. 

^ % Carboniferous 

Pottsville series.— This contains clays, shales, sandstones, conglomer- 
ates, and coal-beds, but the only clay thus far worked is that occurring 
beneath the Homewood sandstone and known as the Mount Savage 

‘ Grimsley, G. I’., W. Vu. Geol. Hurv., HI, 1906. 
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fire-clay. This is mined at Piedmont for fire-briclt mamifaptn VJd 
consists of both plastic and flint fire-clay, the two forming a lit 

15 feet thick. 

Allegheny series. — In this series there are found a numfT 
portant coal-seams with their underlying fire-clays, the two ^ Yant 
groups being the Kittanning coals and clays, and the Freeport group 
of coals and clays. 

The two most valuable beds of fire-clay arc the Lower Kittanning 
and the Polivar. 

The shales in the series have also been successfully used for building- 
brick. 

Clarion clay. — 4’hc Clarion coal at the base of the Allegheny series 
is often underlain by a thick b(‘d of fire-clay, but it is not worked in West 
^'irginia. 

Kittanning clays. — ^^fhe Lower Kittanning coal is very persistemt 
through Ohio and Pennsylvania, but in West Wrginia it is absent en- 
tirely as a workable bed in many regions of the State, and its place taken 
by the fire-clay. 

The Lower Kittanning clay under the coal of that name is 5 to 
15 feet at Hammond where it is worked. 

Petween the Lpper and Lower Kittanning coals is an interval of 
.sandstone, which at New Cumberland and Hammond carries the Middle 
Kittanning coal and its underlying fire-clay. 

At New Cumberland, which is the largest brick-manufacturing center 
in the State, the Lower and Middle Kittanning clays are employed for 
the manufacture of building-brick and paving-blocks, and the Lower 
Kittanning clays for sewer-pipe. The shales between these two were 
formerly burned into common brick. 

The following section at the Clobe Works, given by Grimsley, is 
stated by him to be fairly typical of this region: 



Feet. 

40 

inches. 



2 

6 


6 


Gray shale-clay 

4 


Blue shale-clay 

12 


Sandstone floor 

d 


Fine laminated shales 

40 


Coal (Lower Kittanning) 


3 

Clay (Lower Kittanning) 


10 


The bottom clay is used for sewer-pipe, while the flint-clay and blue 
and gray shales are mixed together for brick and paving-blocks. 




Fig. 1. — H(‘(l-h\n’ning hrick-cljiy hank at Froetnaii, Wash. (Photo loarual hy 
Washit)f!;ton Brick, lame, ami M’f’g Co.) 



Fig. 2.— Shale-bcd of Mahoning horizon, C’harleston, W. Va. d'hc shale is blue 
and red with some fire-clay mixed through it. (After Grimsley, W. Va. GeoU 
Surv., Ill, 1906.) 
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Upper Freeport clay. — ^'rhere are some good outcrops of this clay 
on Decker’s (Teek above Morgantown near Dellslow, with good rail- 
road connection, and could be eiusily developed. 

Conemaugh series. — This series consists chiefly of sandstones and 
limestones, but contains scattered shale-deposits and some fire-clay. 
Overlying the Upper Freeport coal, or at times separated from it by the 
dark fossiliferous UlTington shales, are the Lower and Upper Mahoning 
sandstones. They are seen from Upshur southwTst into Mingo, western 
Wyoming, and Raleigh counties. Between the two there is often found 
the Mahoning coal, which is worked near New Cumberland, w'hile under 
the coal, and sometimes replacing it, there is a good bed f)f fire-clay 
fouAd in a few regions and mined at Thornton, where it shows IS feet 

flint and soft clay. Near Ceredo, Wayne County, the clay is present 
without the coal. 

At many points a shale-lied occurs between the two sandstones. 
Those worked around Charlestown may b(‘long in part to this horizon, 
although some of the beds have been doubtfully referred to the Kanawha 
series of ATrginia, 

Overlying the Mahoning sandstone is the Cambridge limestone 
followed by the Ames limestone, and between these two is a mass of 
Pittsliurg red shales, 30 to 100 feet thick, which extend from the Penn- 
sylvania line southward to the Jflg Sandy River. These shales, which 
will undoubtedly prove of economic value, are as yet used only at Hunt- 
ington for roofing-tile manufacture. They also occur at Barlow, Charles- 
town, etc. 

In Preston County near Reedsville, Masontown, and Kingwood, as 
well as near Collier and Wellsburg in Brooke County, the shales are 
partly replaced by the Saltzburg sandstone. Overlying the Ames lime- 
stone is the Birmingham shale. 

A very complete section of the Conemaugh series is exposed at 
Morgantown, Monongalia County, but the only shales worked are the 
Pittsburg ones. They make a building- and paving-brick. 

Monongahela series. — A series of coals, limestones, sandstones, and 
shales are included in this group, the general section being well ex|X)sed 
in Pinnickinnick Hill at Clarksburg. The Pittsburg coal at the base 
of the Monongahelji is an important and well-recognized horizon. At 
Clarksburg *thc shales underlying and overlying this coal-seam are 
worked for building- and paving-brick. 

The shales worked near Spilman for paving-blocks and building- 
brick lie near the top of the Monongahela series, and those at Mounds- 
ville are also near this horizon. 
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Dunkard or Perrao-carboniferous— The rocks of this age cover a bel^ 
40 to 60 miles wide, l)or(lering the Ohio River. They include a number 
of utilizable shales, but at present they are being worked only at Parkers- 
burg, Wood County, for making roofing-tile. 

Pleistocene 

A number of brick plants in the State obtain their raw material 
from deposits near creeks or rivers. These clays underlie terraces 
and occur eithcT near the present river-loA el or a number of fe('t abo^ e 
it. The former ar(‘ llood-plain deposits built up by the rivc'rs in recent 
times, while the latter repres('nt the remnants of lake-lx'ds formed when 
the valleys were damnu'd by ice, thus giving rise to the formation of 
temporal’}' lakes. The clays of the ]\lonotigahela, Teays, and adjacent 
valleys arc of the second typ(‘. 

Ax.vnsKs or West Vihcuniv (Yavs 


WilicH (SiOj) 

Alumina (AfiO-P 

Ferric oxide (Fe.O.i) 

I.’'' 

.34. T") 
21 40 

8 

Jl. 

.57 7.5 
20 17 

7 00 
0.33 
0.22 

0.02 

2 .50 

0 87 

2 7.5 

0 00 

HI. 

.58 78 
22.. 57 
4.J3 
1.40 
0.18 
1.00 

0 .5 4 
3.1,5 

3 03 

1 05 

0 .35 

IV. 

.50 3 

10 07 

0 58 

0 00 

2 01 

V. 

01 11 
20.18 
0.30 
0.30 
0.12 

VI. 

.52 24 

20.28 

2 73 
0.51 
0.08 
0.2 
0.37 
2.11 
1.2 

1 28 

0 07 

Lime (CaO) 

0.80 
0.70 
trace 
() 35 

0 8(i 

1 ()2 

0 00 
trace 

5 70 

Soda (Na..()) 

Potash 

Titanic oxide ('I'iOj) 

Moistun'. . . . _ . . 

Phosphoric acid (ILth,) 

0.02 

0.71 

1.39 

0.77 

0.01 

Ignition 

Total 

.5 0 4 

5 43 

8 01 

0.07 

00 00 

10.12 

90 55 

90 .5.5 

00 01 

90.37 

100.70 


VII. 

VIII. 

IX. 

X. 

XI. 

XJl. 

Silica (SiO.,) 

,'57 . 5S 

.50 70 

.57 52 

,57.80 

00.00 

.50 10 

Alumina (AlT)i) 

21.41 

22 70 

21 70 

21.. 59 

21.83 

20 31 

Ferric oxide (Fe..()i) 

3.7.5 

0.00 

3.41 

5.02 

0..37 

2 82 

Fcrrou.s oxide (FeO) 

3.4,5 

3., 53 

3.7 

1.20 

1.00 

0.00 

Lime (CaO) 

0.40 

0.,50 

0.00 

0.01 

0..33 

0 30 

Magnesia (MgO) 

1.44 

1.23 

0.88 

1..55 

0.10 

1 41 

Soda (NaX)) 

0.1 

0.42 

0.03 

0.29 

0.08 

0 50 

Potash (K.-O). 

3 14 

3.70 

3.57 

3.28 

0.48 

3 90 

Titanic oxide (TiO;.) 

0.81 

0.82 

0.83 

0.72 

i 1.11 

0 03 

Moisture. . . . 

0.38 

0 .5 4 

0.86 

,1.27 

0.00 

' 1 .30 

Phosphoric acid (Pl-Oc) 

0 11 

0.40 

0.14 

0.21 

trace 

trace 

Sulphur trioxide (SOa) 







Ignition 

7.2.5 

.5 20 

7.27 

6 18 

7.13 

5 48 

Total 

00 01 

90 70 

i 

100.. 57 

100 47 

100.11 

100.01 


* For references see foot of table, p. 450. 




Shale-pit of High-grade Shale Brick Co., Clarksburg, \V. Va. Coal-streak near top i- the Redstone coal of Moiiongrdicla. 

series. (After Grimsley, W. Va. Geol. Surv., Ill, 1900.) 
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Analyses op West Virginia Clays — Continued 



XIII. 

XIV. 

XV. 

XVI. 

XVII. 


55 . 63 

58.28 

50.80 

68 42 

63.88 

Alumina (Al2(J3) 

20.76 

21.26 

19.47 

16.38 

17.18 

Ferric oxide (Fe.Os) 

3.94 

1 87 

8.83 

3.05 

5.72 

Ferrous oxide (FeO) 

4.17 

3.37 

1.9 

1.89 

0 50 

Lime (CaO) 

0.86 

0.78 

1.51 

0.94 

0 16 

Magnesia (Mg(^) 

1.70 

1 1.35 

1.74 

1.8 

1 3 

So(ia (NaA)) 

0.34 

0.39 

0.89 

0.63 

0 6 

Potash (K 2 G). . 

2.97 

2.87 

2.24 

0.93 

2.29 

Titanic oxide (Ti02) 

0.98 

0.86 

0.68 

0.88 

0.87 

Aloisture 

1 .03 

1.30 ! 

0.6 


1 76 

Phosphoric acid (P-Og) 

0.23 

0.39 

0.2 

0 08 

0.36 

^inlnbiir trinvlrlo 

trace 





kJlllL/llUl LI •• ••♦•♦••••••» 

Igni^n. 

6.98 

6 81 

li.37 

' ‘ 4 .YS' 

5 60 

f Total 

99.59 

99 56 

100.23 

99 58 

100.22 


Physical Tkhts op West Viuginix. (-lays 



I. 

11 . 

III. 

V. 

VI. 

VII. 

VIII. 

Water retiuircd, per cent. . . . 


28 

25 

2 1 

28 

24 

26 

Tensile strength, lbs. per sij. in. 


122 

34 

32 

58 

40 

46 



4 

3.5 

3 

4 

4 

4 

(June of incipient vitrification . . 


1 




1 

1 

Cone of vitrification 

5 

5 

i 


26 

5 

5 

(k>ne of viscosity 



5 1 

30 -h 

28 





ii 

10 


*> 

G 

0 

Color when burned 

red 


red 

huff 

bulT 

brow I) 

brown 


JX. 

X. 

XI. 

XII. 

XJII. 

XIV. 

XVII. 

Water required, per cent 

26 

27 

20 

24 

22 

25 

32 

Tensile strength, lbs. per sq. in. 

40 

36 ( 

75 to 
90 

89 to 
100 

1 109 

78 

1-10 

Air-shrinkage, per cent 

3.5 

4 

4 

4 

4 5 

4.5 

6 

(bne of incipient vitrification, . 

1 

1 


1 


1 

1 

(k)nc of vitrification 

5 

5 

30 

5 

r 

5 

5 

Cone of viscosity 





5 



Fire-shrinkage, per cent 

10 

8 

0 

6 


.7 

12 

Color when burned 

red 

red 

hull 

red 

red 

red 

red 


T. 

H. 

III. 

IV. 
V. 

VI. 

VIT. 

VIII. 

IX. 

X. 

XT. 

XII. 

XITT. 

XTV. 

XV. 

XVT. 

XVII. 

No8, 

Surv. 


Uesulual Innestoiie eliiy, (’harlestown, Silurian. 

RpHuiual shiile-clay, Martinsburg, Silurian. 

Shale, Klkins, Randolph County, Haniillon. 

Shale, Decker’s (’reek near Mor(?an1o\vn, Mauch Chunk. 

Fire-clay, Piedmont, Mount Savage clay. 

Crav shaTe | Clifton Mine, Now Cumberland, Middle Kittanning. 
Blue shale J 1 
Clay I 7*. 

Shale 
Flint-clay 


i mine, New Cumberland, Lower Kittanning. 


Plastic c^y f Thornton, in Conemaugh series, Mahoning coal horizon. 

Shale, Morgantown, Pittsburg red shale. 

Blue shale, Huntington, Conemaugh series. 

Mixture of Spilman shales Spilman, Conemaugh senes. 

Parkersburg, Dunkard shale. 

River-clay, Parkersburg, Pleistocene. 

I-XVII selected by Dr. Grimsley as representative ones, from Vol. Ill, W. Va. GeoL 
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References on West Virginia Clays 

1. ririmslcv, (1. P., Tho Clavs of West A’irginia, W. Yu. Geol. Hiirv., 
Ill, 190(). 

2. AVlilLg 1. CornOation rajxTs, Gar])oiiiftT()us, U. 8. Geol. 
Suit., Bull. 65. 



Fig. 64. — Map of Wi.sconsin, showing distribution of tluy-hcaring fonnations. 
(Adapted from Buckley, Wis. Cool, and ISIat. Hist. Surv., Bull. VII, 1901.) 


WISCONSIN 

In this State the clay-deposits belong to formations representing 
somewhat the two extremes of the geological column. Those belonging 
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to the older formations are nearly all of residual character, while those 
belonging to the sedimentary deposits are of ver}^ recent geologic ago. 
It seems best, therefore, to divide them into two groups, namely, the 
residual clays and the sedimentary clays. 

Residual Clays 

These have been derived from a variety of rocks, including granites 
and gneisses, greenstones and allied volcanic rocks, limestone and 
dolomite, sandstone and shale. 

Pre-Cambrian residuals. — These occur at a number of. points in 
theyentral part of the State, in Kau (Tiire, Jackson, Wood, l\)rlage, 
MyPathon, and Clark counties. J’hey are usually gritty clays which 
l/ve been formed by the decomposition of schists or gneisses, and vary 
in depth from perhaps 2 or 3 feet to as much as 40. Although some- 
times reaching nearly to the surface', they are at other time's e-ene'reel 
by a bed of Potsdam sanelstone whie'h has apparent protected them 
from erosion. ])e'pe)sits of this occur in the vicinity of (Irand Rapids, 
Kau Claire, Rlack Itiver Falls, Stevens Point, Abbotsford, ete*. The'y 
are nearly all red-burning, and while refractory ones low in ire)n are 
known to occur, the eleposits of the'in so far as founel art' rather small. 
Their main use is for the manufacture of common brick, but at Halcyon 
near Black River Falls the material has been found adapted to the 
manufac’turc of dry-press brick and even ])aving-brick. 

Potsdam shales. — In a few localities tlu're occurs at the base of the 
Potsdam a tough plastic clay which has Ix'cn derived by the weathering 
of a siliceous shale. This material has been exposed near Merrillan, 
Durand, and other points, but has not been utilized to any extent for 
the manufacture of clay-products. 

Ordovician limestone residuals. — Within the tlriftless area of Wis- 
consin the cherty galena limestone is found weathered in its uj)per 
portion to sandy residual clay containing many flint fragments scattered 
through it. Up to the present time it has not been used for the manu- 
facture of common brick to which it is chiefly adapted, nor is there 
any likelihood of its ever becoming of any importance. 

• Sedimentary Clays 

Hudson River shale. — ^This shale forms a narrow belt in the eastern 
part of Wisconsin which extends from the southern boundary of the 
State up to Green Bay. In this State it is not very well adapted to the 
manufacture of brick, but on weathering breaks down rather easily to a 
yellow clay which has very fair plasticity and is usually red-burning. 
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The material has been worked at Stockbridgc, C'alumet County, and at 
Oakfield, Fond du Lac Cbunty, for the manufacture of brick. At the 
former locality a mixture of the weathered shale and the })artly weathered 
material is used with excellent results. A second area of these shales is 
known to occur in Lafayette County, to the east and southeast of Flatt- 
ville, where the material is to be found around the base of the Alound 
Hills so prominent in that refjjion. It weathers to a yellow clay of hio:h 
plasticity and one which burns to a very hard body of excellent red color. 

Pleistocene Clays 

The Pleistocene clays of Wisconsin have licen ^i^rouped by Bm^kley 
(Ref. 1) as follows: 1. Lacustrine deposits; 2. Htream deposits ,\ 3. 
Estuarine deposits, and 4. (llacial clays. 

Lacustrine deposits. — These respresent a wry extensive type, and 
were laid down during; the former inland extension of the Creat Lakes, 
so that they arc now often found some distance from the [)rescnt lake 
shore. Thus, around Racine, they occur 18 miles inland. They are 
also found at Sheboyg:an, over parts of Door County, and in parts of 
Manitowoc, Calumet, and Fond du Lac counties; much of Creen laikc, 
Waushara, and Waupaca counties too are underlain by them, while to 
the north they arc found as far as Shawano. These lacustrine deposits, 
adjoining Lake Michigan on the east and Lake Siij)erior on the north, are 
an important source of cream-burning brick-clays, and the beds often 
exceed 100 feet in thickness. Sometimes the upj)er few feet burn red, 
owing to the fact that the car])onate of lime has been leached out of 
them. Around Creen Bay, Manitowoc, and Racine these clays are much 
used for the manufacture of common, pressed brick and drain-tile, but 
they arc of little value for anything else. 

Estuarine clays.— These include all the clays of eastern Wisconsin 
which are underlain by limestone and have been modified by glacial action. 
They were formed at the same time and in association with the lake- 
deposits, but differ from them usually in showing a more variable lime- 
content and burn hard and dense at a lower temperature. Thus, for 
example, the lake-clays apparently have to be burned up to cone 3, while 
the estuarine clays can be burned at cone 05 to(l. These estuarine 
deposits are found along the k'ox, Wolf, Rock, Wivseonsin, Eau Claire, 
Chippewa, Black, Red, Cedar, and many other rivers in the eastern, north- 
eastern, and southern parts of the State. 

Glacial clays. — These have been deposited over^ a large part of the 
northern half of the State and include a series of deposits of uncertain 
extent and variable character and thickness. In some places they 
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consist of bowlder-clay and are therefore of a very stony character, while 
at others they may represent deposits that have been formed in temj^orary 
lakes during the last glacial epoch. Those worked at Athens belong to 
the former type, and those worked at Mcnomonie and forming tlic basis 
of an extensive local industry belong to the latter type. Under this 
heading we sliould perhaps also include the silty loess-clays which cover 
a large area in the western pjirt of the State and are worked at Platleville, 
i\Icnomonie, La Crosse, and other places. They represent a good char- 
acter of clay, which in many instances is used only for common brick, 
but is also adapted to the manufacture of dry-press brick. 


Analyses oe Wisconsin Cl a is 


y 

J. 

11. 

111. 

IV. 

V. 

s/ca (SiOo) 

04 50 

02 59 

35 93 

48 39 

44 18 

Alumina (AlX)j) 

20 20 

17 42 

11 75 

12 50 

10 83 

Ferric oxide (Fe 2 () 3 ) 

: 0 07 

5 88 

4 08 

5 10 

3 30 

lame (C’aO) 


none 

12 43 

10 88 

14 05 

Magnesia (MgO) 


1.24 

9 . 92 

4 82 

5 01 

Potash (K.-O) 

o.ii 

8 08 

2 40 

3 90 

3 10 

•Soda (Na.O) 


0 52 

1 24 

0 08 

0 70 

Loss on ignition 

.^90 

4 15 

22 00 

13 02 

17.34 



0 30 

0 30 

0 43 

0 30 

.Manganese oxide (MnO). . . . 

1 

i 

S( )j trace 

0.10 

trace 


VI. 

VJI. 

VIll. 

IX 

X. 

Silica (SiO..) 

40 17 

31 90 

71 77 

<)5 44 

09 80 

Alumina (Al.-Oj) 

9 11 

8 74 

13 74 

13 51 

13 55 

I'erric oxide (FcjOs) 

3 00 

3 00 

3 (>() 

5.40 

5 40 

Lime (CaO) 

11 19 

17 00 

1 23 

2 95 

0 71 

Magnesia (MgO) 

8 34 

10 03 

1 17 

2 20 

1 43 

Potash (KO) 

3 Ot) 

2 20 

2 30 

3 44 

2 30 

Soda (NaoO) 

0 34 

0 82 

1 20 

1 54 

1 78 

Lo.s.s on ignition 

21 37 

25 19 

5 00 

4 09 

4 40 

'Fitanic acid (TiOa) 

0 35 

0 25 

0 45 

0 00 

0 77 

Manganese oxide (MnO). . . 

0 09 

0 19 

trace 

t race 

trace 


Localities oe the Amove 


No. 

Locality. 

(ieoloKical Arp. 

tIspH. 

1. 

■ ■ 



TI. 

Merrillan 

Pot.sdam 


III. 

Oakfield. . . . 

Iliid.son 

(Common brick 

IV. 

Green Bay. . * 


Prick 

V. 


“ 


VI. 

Milw.'inkee. . . ... 

i { 

tc 

VTI. 

W.atertown 

(< 

t ( 

VIII. 

Chippewa Falls 

Glacial 


IX. 

Menomonie 


Pressed brick 

X. 

Whittlesey. . • 

“ 

Brick 


No 8. I-X from Wis. (lool. ami Nat. Hist. Surv., Bull. 7, 1901. 
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References on Wisconsin Clays 

1. Buckley, E. R., The Clays and Clay Industries of Wisconsin, Wis. 
Geol. and Nat. Hist. Surv., Bull. 7, Pt. I, 1001. 

2. Chamberlain, T. C., Geol. of Wis., I, p. 660. 

3. Irving, R. I)., On the Kaolins of Wisconsin, Wis. Acad. Arts and 
Letters, Trans., 1S76. 

4. Irving, R. D., Geol. Wis., II, p. 630. 

5. Irving, R. I)., Mineral Re, sources of Wisconsin, Amer. Inst. Min. 
Eng., Tr‘Mis., VIII, p. 478. 

6. Ries, H., Clays of Wisconsin, Mining World, Mar. 25, 1005., See 
also forthcoming bulletin, Wis. Geol. and Nat. Hist. Surv. 

7. Sweet, E. T., .Milwaukee Clay, Amor. Jour. Sci., itt, XXIV, p. 1 '*4. 

WYOMING 

Little is known regarding Wyoming clays, owing largely to their lack 
of development. W. C. Knight .says;^ “So far as is known, the clays 
of Wyoming that have any commercial importance occur in beds of the 
sedimentary rocks. These clay-beds are most numerous in the Jurassic 
and Cretaceous formations, but are found to some extent in the Tertiary." 
The formations containing these clays are found flanking iiearly all of the 
mountain-ranges in the State, and the clay-beds vary in thickne.ss from 
4 to 40 ft. Bowlder-clays, that are so common in the East, are not 
known and will be found only in small and isolated localities. With the 
exception of the manufacture of common brick no attention has been 
paid to any of the clay industries, and all of the fire-clay goods used in 
Wyoming are manufactured in Colorado, wliile pressed brick are shipped 
in from various points. This condition is largely due to the limited popu- 
lation of the State, and the slight demand for clay -products. The com- 
mon brick which are, as a rule, manufactured from loess, are very siliceous 
and fragile, although in a few places there is clay enough in the loess to 
make a medium-grade brick. Judging from the appearance of the clay- 
beds and their geological position, they will, when tested, prove equal to 
the Colorado beds. 

At Cambria, Weston County, the clays associated with the coals have 
been found adapted to the manufacture of dry-press brick. 

Bentonite.— A peculiar variety of clay found in Wyoming and known 
as bentonite was first described by W. C. Knight under the name of 


* Eng. and Min. Jour., LXIV, p. 546, lcS98. 
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iautorite? Finding tiiat the latihi^ name was preoccupied, he proposed 
the name of bentonite for it ^ from its occurrence in the Benton forma- 
tion. The deposits in the northeastern part of the State, in the vicinity 
of Newcastle, were first described in detail by N. H. Darton.^ 

Bentonite when fresh has a yellowish-green color, but assumes a 
light cream tint on exposure. It is fine-grained, soft, and absorbs three 
times its weight of water, accompanied by swelling. Its specific 
gravity is 2.18. Professor Knight pointed out its resemblance to the 
ehrenhergite of Germany, but it differs from it in containing less alkali. 
The soda reported in the analyses is, as a rule^ found in the clay in 
thin seams as sodium sulphate. T. T. Read thought, froni analyses 
cxyhined by him, that it most closely resembled inontmorUlonite 

{flSh 

f It will be seen from the analyses given below that the clay shows 
a somewhat variable composition, and that its peculiar properties are 
due no doubt to physical rather than chemical conditions. 


Analtsks of Bentonite 



I 

II. 

III. 

IV. 

V. 

VI. 

Silica (SiOj) 

59.78 

61.08 

63.25 

65.24 

64.0 

60.18 

Alumina (AljOs) 

15.10 

17.12 

17.62 

15.88 

22.9 1 

OA KA 

Ferric oxide (FcaOj) 

2.40 

3.17 

3.70 

3.12 

3.1/ 


Lime (CaO) 

.73 

2.69 

4.12 


1.0 

.23 

Magnesia (MgO) 

4.14 

1.82 

3.70 


2.0. 

1.01 

Potash (KjO) 






1.23 

Snda (Nn^ft) 




.20 




Sillphiir trioxide 


0.80 

1,53 




Water (H,0) 

i6.26 

12.10 

und. ? 

9.17 

7.0 

10.26 

Total 

98.41 

98.98 

93.92 

98.75 

100.0 

99.49 

Specific gravity 

2.18 


2.132 





n I’'’*"’*™' ■> '*’• 

W; NwS?.aMtyj 

V. OMflcrift ' .f. Ogoen, analyst. U. S. Q«ol Survi, Bull. 285^^p. 446. 

Vt« Oassa Mtoiof Oo., T. T. Read, analyst. U. S. Qepl Surv., Bull. 280. p. 446, 


' the peculiarity i»f cofi^sition of this clay lies in its high combined 
wat^-eontent as comp^"^ with the alumina percentage. 

^ The clay, which, occurs mainly in the Benton group of the Creta^ 

■ • — 

* Eng. and Min. Jour,, LXllt, p. 600, 1898. 

» Ibid., LXVI,p. 401. 

» Ge<dodc Atlas. P<^ No. 107. 1004. 
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ceous, and some in the Niobrara, has been found extensively in Wyo- 
ming in Crook, Johnson, Weston) Converse, Natrona, Carbon, Albany, 
and Laramie counties. More recently additional deposits have been 
discovered 8 miles east of Frannie, and 5 miles ncrth of Cowley, 
Wyoming.^ The distribution of the Benton formation in Wyoming 
is shown in Fig. 65. 



Fig. 65. — Map of Benton formation in Wyoming. (After Fisher, U, S. Geol. Surv., 
Bull. 260.) 


Bentonite has been used in the manufacture of soap, as a packing 
for a special kind of horseshoe, as a diluent for certain powerful drugs 
sold in the powdered form, and as an adulterant of candy. It has 
also been employed in the manufacture of antiphlogistine, and makes 
a good retarder for cement plasters, but its chief use so far is for 
weighting and filling paper. The clay brings $6.00 to $7.00 per 
ton f.o.b. 


* U. S. Geol. Surv., Bull. 260, 562, 1966. 
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CHAPTER VIII 
FULLERS' EARTH 

Properties 

Fullers^ earth is a peculiar type of clay which has a high absorb- 
ent power for many substances, on which account it is used for do- 
colorizing oils and other liquids. The statement usually seen in print 
that it lacks plasticity and falls to pieces in water is misleading and 
of no value. When dried, fullers’ earth often adheres strongly to the 
tongue, but so do some ordinary clays which have no clarifying 
powers. The color is also variable. Its specific gravity ranges from 
1 , 75 - 2 . 5 . 

The quantitative analysis shows that its common chief difference 
from ordinary clay lies in its relatively higher percentage of combined 
water, but a chemical analysis is of little value, and a practical test is 
necessary in order to. determine its worth. An incorrect statement 
often seen in print is that fullers’ earths contain a high magnesia-content. 

Dana^ defines fullers’ earth as including many kinds of “unctuous 
clays, gray to dark green in color, and being in part kaolin and in part 
smectite.” It is placed by him with several clay-like minerals (all of 
them hydrous silicates), namely, smectite and malthacite, of not; very 
definite chemical composition, but all having a high percentage of com- 
bined water. 

Smectite proper is defined as a “mountain-green, oil-green, or gray- 
green clay, from Cilly in Lower Styria.” 

Malthacite is defined as occurring in thin lamina) or scales, and some- 
times massive, with the color white or yellowish. The original occur- 
rence is the result of disintegration in a basalt at Steindorfel, in Lausitz. 
Beraum, in Bohemia, is another locality. It is not quite clear on 
what evidence Dana proves fullers’ earth to .be a mixture of “kaolin” 

’ System of Mineralogy, 1893, p. 695. 


510 


FULLERS’ EARTH 


probably meant kaolinite) and emectite, for the chemical analysis 
alone would not warrant this statement, and petrographic examina- 
tions (see below) afford little aid in this matter. 

Indeed none of the published analyses of fullers’ earth show a 
composition at all similar to either smectite or malthacite, and what 
their mineral composition is has not been proven. 

Merrill ^ states that “ the English earth, when examined under the 
microscope, consists of extremely irregular colored particles of a sili- 
ceous mineral which in its least altered state is colorless, but which in 
nearly every case has undergone a chloritic or talcose alteration, whereby 
the particles are converted into a faintly yellowish-green product. The 
graii^r^ are of all sizes up to .07 mm., but the larger portion of the material 
is made up of particles fairly uniform in size and about the dimensions 
m^itioned. In addition to these are minute colorless fragments down 
sizes .01 mm. and even smaller. The minute size of these colorless 
particles renders a determination of their mineral nature practically 
impossible, but the outline of the cleavage flakes is suggestive of a 
soda-lime feldspar.” 

“The Gadsden County, Fla., earth under the microscope shows the 
same greenish, faintly doubly refracting particles as does the English, 
Intermixed with numerous angular particles of quartz.” 

Just what the mineralogical composition of fullers' earth is has not 
been definitely proven, but J. T. Porter (Ref. 4) has argued that since 
different writers have mentioned gabbro, dioritc, diabase and basalt as 
rocks from which fullers’ earth is derived, it is but natural to suppose 
that minerals common in these rocks — such as augite, hornblende, 
olivine, magnetite, etc. — may be present in the earth. Reasoning 
therefore from this basis he gives a list of 62 minerals which he considers 

J ’ikely to be found in fullers’ earth. He also lists an additional 14, 
ydrous silicates. The presence of considerable magnesia in some 
IS he regards as corroborative of his theory of its source. 

'ollowing out this idea, it is suggested by Porter that there may 
exist a well-defined relationship between the rational composition 
and the class of coloring matters which a given earth removes most 
efficiently. • 

The following rational compositions are given of two earths, whose 
ultimate analysis will be found on page 519, Porter’s calculations being 
based on the percentages of silica, alumina, etc., soluble or insoluble, in 
the different strengths of acids, but it should be remarked that the 
rational analysis does*not balance exactly with the ultimate. 

' Guide to the Study of Non-motallic Minerals, p. 337, 1901. 
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Mineral. 

Total. 

SiOt. 

Al,Os. 

FetOa. 

CaO. 

MgO. 


HsO. 

PiOi. 

Owl Earth, Fla. 










Apatite 

2.62 




1.42 




1.20 

Calcite 

16.82 




9.42 


7.40i 


Magnesite 

1.01 





.48 

.53 



Montmorillonite. ...... 

32.04 

17.21 

9.70 



5 13 


Free hydrous silica . . . . 

5.46 

5.00 






!46 


Iron oxides 

.82 



.82 





Magnesia (?) 

1.24 




1.24 




Anauxite 

24.41 

14.84 

6.25 




3.32 


Augite, etc 

5.90 

1 93 

1 41 

1 I.*! 


1.41 



Feldspar and quartz . - . 

9.73 

9.22 

.44 

.12 







100.0 

48.20 

17.80 

2.09 

10.84 

3.13 

7.93 

8.91 

1.20 

Fairbanks. 







* 



Apatite 

.14 




.08 




\o6 

Free hydrous silica .... 

11.97 

11.90 






!67 

Prehnite (?) 

10.16 

4.43 

2.54 


2.75 



.44 

i 

Other zeolites 

2.07 

.57 



.11 

1.39 



\. 

Iron oxides 

2.12 



2.12 




Anauxite 

45.88 

27^90 

ii.74 





6.24 


Augite, etc 

19.76 

9.61 

3.30 

’4!91 

’ ‘ .’43 

1.51 



Quartz and feldspar . . . 

7.43 

5.00 

2.32 

.11 







99.53 

59.41 

19.90 

1 

7.14 

3.37 

2.90 


6.75 

.06 


The cause of the bleaching power of fullers’ earth still remains to be 
explained. 

Both Ries and Porter have called attention to the probable presence 
of hydrous silica in the earth, but the second writer doubts if the bleach- 
ing power is entirely due to this, as boiling with sodium carbonate does 
not injure it much. 

Sloan 1 believes that the bleaching is due to the mechanical entangle- 
ment of the suspended coloring matter by the contained clay substance, 
remarking that “ when the alumina exceeds one-fifth the amount jof 
silica present, the critical point is approximated beyond which an ii- 
crease in the densely bedding aluminous matter prejudices filtratio\^. 
The silica therefore serves to maintain the required porosity.” 

This statement regarding the alumina-silica ratio does not seem to 
hold true in all cases. 

Porter (Ref. 4) by a series of tests on different earths has brought 
out their difference in behavior towards different solvents. ' 

The results of his tests on the Owl earth from Quincy, Fla., and an 
earth used by the Fairbanks Company, of Chicago, are given below: 

> Preliminary Report on the Clays of South Carolina, S. Ca. Geol. Surv., 1904, 
pp. 69-61. 
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Analyses of Fullers’ Earth and Clay 


Calculated to 100 per cent ’ 



SiOj. 

AhOi. 

FesOs. 

f:aO. 

MgO. 

COi. 

Uto. 

P*05. 

Total. 

Owl Fullers’ Earth, 










Qujncy, Fla, 










Original earth 

48.20 

17 80 

2.09 

10.84 

3.33 

7.93 

8.91 

1.20 

100.30 

Insol. in dilute HCl 

74.20 

12.90 

1.94 

.05 

n. d. 


9.28 

n.d. 

98.37 

Insol.in dil.HCl and NaOH 

70.70 

15.80 

1.70 

.08 

n. d. 


9.36 

n.d. 

97.64 

Insol. in dil. HCl and sol. 










in NaOH 

79.72 

10.52 

tr. 


n. d. 


9.58 

n. d. 

99 82 

Insol. in cone. HCl 

90.88 

3.40 


.05 



5.14 

n.d. 

99 47 

Insol. in H2SO4 and NaOH 

91.10 

4.35 

IM) 

3.46 




in d. 

100.00 

Insol. in H2SO. and sol. in 








N^OH 

83.17 

2 81 


14.02 





100 00 

Sot. in NaOH alone 

82.4 

17.60 





n. ci. 

100.00 

j Fairbanks Fullers’ 









^ Earth 










Original earth 

59.41 

19.90 

7.14 

3.29 

2 90 

.04 

6.75 

.06 

99.49 

Insol. in dil. HCl 

66.00 

19.20 

5 54 

.48 

1.07 


7.11 

n. d. 

100.60 

Insol. in dil. HCl and sol. 










in NaOH 

18 80 

n. d. 

n. d. 

n. d. 

n. d. 


n. d. 

n. d. 


Insol. in cone. HCl 

80.80 

6 95 

.90 

.27 

.27 


4.55 

n.d. 

98.74 

Insol. in K2SO4 . . . . 

92.95 

3.66 

1.83 

n. d. 

n. d. 


n. d 

n. d. 

98.44 

Insol. in H2SO4 and NaOH 

75.75 

13.79 

1 67 

.80 

11. d. 


n. d. 

n. d. 

92.01 

Sol. in NaOH alone .... 

11.89 

n. d. 

n. d. 

n. d. 

n. d. 


n.d. 

n. d. 



1 The strength of the reagents is not given. 


The theory advanced by him is as follows: 

^‘1. Fullers’ earth has for its base a series of hydrous aluminum 
silicates. 

‘‘2. These silicates differ in chemical composition. 

“3. They are, however, similar in all possessing amorphous colloidal 
fiiructurc. 

I The colloidal structure is of a rather persistent form, and is not 
Ast on drying at a temperature of 130® C. or possibly higher. 

/ “5. These colloidal silicates possess the power of absorbing and 

retaining organic coloring matter, thus bleaching oils and fats. 

“ (The term colloidal is used in its broadest sense to cover the whole 
range of conditions expressed by the words colloid, pectoid and 
hydrogel.)”# 

Tests made indicate that acids affect the bleaching efficiency of 
some oils more than others, and in some cases bleaching may be increased 
by acid treatmeirt, if the latter removes limonite, calcite or possibly 
hydrous alumina, vl^hich may exert a clogging effect (Ref. 4). 

The injurious effect of lime on the bleaching power has also been 
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commented upo|i by Parsons (Ref. 3), who also points out th|t the ' 
careous earths are not among the best bleachers. 

Acid treatment may possibly increase the colloidal matter in 
earth, and thus improve it. 

If the different minerals, in fuller’s earth have a var 3 ring preference 
for different colors, then this may explain why certain ones are very 
efficient for vegetable oils, but useless for mineral oils and vice versa 
(Ref. 4). It is favorable to the colloid theory to note that heating the 
earth destroys its efficiency for bleaching cottonseed oil, and perhaps 
adverse to it to find that the petroleum can be burned out of the earth 
in kilns without injuring its bleaching power for mineral oil. 

Pipe clay has some slight bleaching power, but is improved' by 
dr 3 dng and treatment with sulphuric acid, which latter increases the 
colloidal matter. \ 

Parsons (Ref. 3) has brought out the interesting fact that the 
Southern earths are almost generally very acid in the reaction by the 
regular methods used in testing soils for acidity, still they contain no 
acid. The property is therefore simply one of adsorption such as is 
characteristic of many clays. ^ 

This so-called “acidity” is found to be a direct measure of th«r 
absorptive capacity for such bases as lime, but it is by no means pro- . 
portional to their power to extract colors from solutions in oil. This 
acidity Parsons found to vary from 0 in the Ix)ngstrcet earth up to a 
point where it required 1.5% of CaO to “neutralize” it in some others. 

While the absorptive power is not proportional to the bleaching 
power of oils, it is directly proportional to the effect which many earths 
have of producing a rancid odor in edible oils, and this effect can be 
counteracted or destroyed if the earth is first treated with lime water * 
until it no longer reacts acid to litmus paper, or gives an acid filtrate 
when shaken up with salt. But this treatment may at the same tiiie 
destroy the bleaching power, so that only partial neutralization can 
made, without endangering the value of the earth. 

Strongly “acid” earths when suspended in water and subject^ , 
the action of an electric current, acted like positively charged colloids, , 


migrating slowly to the negative electrode, which Persons says accouid^ ’ 
-for their yielding an acid filtrate when shaken up with salt folution, / 
their absorption of azo colors from an oil solution, changing thez|^;if| 
imceito the same shade as if they had combined direc^:wrUi 

dome earths when mixed with oil cause the latter ^ 00^^ 


> hk this oonne<«tiQ& Catoeroa, Bureau jol 
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ly and violently in contact with the air, that the contents of the filter 
[Besses burst into flame immediately on exposure to the atmosphere. 

Parsons believes that the phenomenon of bleaching is one of simple 
adsorption, as shown by the fact that an earth which has taken up all 
the color it will readily hold, yields almost all of this color to alcohol 
after the adhering oil has first been extracted with ether or gasoline. 
The earth thereby regains most of its bleaching power. 

Treatment.— (Refs. 3 and 4). 

Mineral oils. — When petroleum is bleached, this is done by allowing 
the oil to flow down through columns of earth, much the same as a sugar 
solution is decolorized by bone black. The first oil passing (fut is nearly 
colorless, ])ut it gradually grows darker until the earth has absorbed all 
the coloi’ it will remove. The earth can be revivified by burning off 
the adhering petroleum in rotary kilns and used again. The high heat 
docs not appear to injure its bleaching power for petroleum oils, but 
would ruin the earth for use on animal and vegetable oils and fat. 

The heavier oils require a coarse-grained earth, while for the lighter 
oils earth ground as fine as 124 mesh can be used. 

Animal and vegetable oils.— For treating these the oil is heated by 
steam, the finely ground earth added, stirred for two or three minutes 
and the hot oil run into filter presses. The temperature used is vari- 
able, but commonly is not more than a few degrees below 100° C. The 
quantity of earth re(|uircd varies with the kind of oil and earth. 

Lard and lard oil generally rccpiire about 1% earth; cottonseed oil 
about 5 %, atul certain dark tallows and greases need much nu>rc. 

After bleaching it is usually necessary to refine the cottonseed oil in 
order to improve its taste and odor. 

A larger per cent of earth is required to reach a certain standard 
color if a lower temperature is used, but still this is thought by some to 
Improve the flavor and odor. 

I Requisites of good earth. — Parsons names the following: 

It must lileach as well as the English earth. 

It must not cause the oil to revert to its oi-iginal color. 

It must filter well. 

It must absorb no more oil than the English earth. 

It must not cjitch fire when removed from the filter press. 

It musf give no permanent taste or odor to the oil. 

Laboratory test. — This may be made in several ways. A method 
followed liy the writer and also used by Parsons (Ref. 3} is as follows: 
Two hundred c.c, of oil are heated to 100° 0., a definite quantity of 
earth (6% for cottonseed or 1% for lard oil) is added, and the mixture 
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stirred steadily for three minutes. Filter as quickly as possible and run 
into a 120 c.c. oil bottle. This is placed in a colorimeter and coldx 
standardized with red and yellow glasses of the Lovibond scale. 

Porter (Ref. 41 proceeds as below. 

Fifty c.c. of cottonseed oil is put in a comparison tube of 120 c.c. 
capacity and heated to 220° F. in an oil bath. To this add 2.5 grams 
of the earth to be tested, remove from bath, close tube with rubber 
stopper and shake for 5 minutes. Filter hot, and protect from light. 

Porter found that this protection was necessary because certain 
samples bleached out very rapidly after treatment if exposed to the 
light. The ‘oil after bleaching is compared with a set of standard sam- 
ples. 

Mining and Uses 

According to Ries (Ref. 5) “The Florida earth is usually mined with * 
picks and .shovels.’' A goo I method is to u.se mattocks, which shave the 
material off in thin pieces, and saves subsequent labor in breaking up 
the fullers’ earth after it has been spread upon the drying-floor. After 
mining the usual method is to spread the material in a thin layer over a 
drying-floor constructed of planks. It is thus dried in the sun, and in 
drying it bleaches to a white color. The material is then gathered into 
sacks for shipment. By this air-drying about 50 })cr cent of moisture is 
removeil. Drying can be done more rapidly by passing the earth 
through a hot cylinder. 

Fullers’ earth was originally used for fulling cloth, that is, cleansing 
it of grease, but this is now its least imp(»rtant application. It is also 
employed in the manufacture of certain soaps. Its use for removing 
calcium carbonate from w'ater for boiler-sup}}ly, thus preventing dele- 
terious incrustations, is also suggested.^ 

Its most important use at the present time is for bleaching cottonjl 
and lard-oil, but it is also emphwed on castor, linseed, cocoanut and otherrj 
oils, as well as on tallow and greases. Mineral oils are also filtered\j 
through it. 


Distribution in the United States 

Up to within a few years ago nearly all of the fulfers’ earth used in 
the United States wais imported from England, where large deposits of 
this material exist, but since that time deposits have been found in a 
number of States, including Florida, Georgia, Alabama, Arkansas, 


* U. S. Geol. Surv., Min. lies, for 1904, p. 1121, 1905. 



PLATE XLIV 



Fig. 2. -Outcrop of fullers^ earth, northeast of Fairhurn, S. Dak. 
(After Todd, S. Dak. Geol. Surv., Bull. 3, p. 121, 1902.) 
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togrado, New YcM-k, South Dakota, California, South Carolina, and 
Mamchusetts. 

But little has been published i‘egarding the American fullers’ earth 
occurrences. 

Georgia-Florida.— Those of northern Florida and the adjoining ])nrts 
of Georgia were first described by H. Ries (Ref. 5) and later I'y T. W. 
Vaughan (Ref. 8) and D. T. Day (Ref. 1). According to these writers 
extensive deposits of fullers’ earth are found in the southern part of 
Decatur County, Ga., and in Gadsden County, Fla., in the western 
portion of Leon County, Fla., and a few other points. 

According to Vaughan’s (Ref. 8) determinations the stratigraphic 
position of the fullers’ earth, excepting that from Alachua County, is 
Upper Oligocene. The sections seen in the pits vary at the different 


Jocalities, but the following might serve as representative: 

Feet. 

Overburden (Sandy clay) 5 to 20 

Fullers’ earth 6 to 10 

Sandstone with crystals and lumps of calcite or aragonite... 3 to 4 
Fullers’ earth 5 to 6 


Most of the earth when dry is of whitish color, flaky, brittle, and 
adheres strongly to the tongue. Analyses are given below, and a view 
of one of the pits is shown in PI. XLIV, Fig. 1. 

South Carolina, North Carolina, and Virginia.— Earth of very fair 
quality has been obtained from near Sumter, South Carolina, and deposits 
are also known in North Carolina and Virginia, but the earth from the 
last two is more or less sandy .2 

New York. — In this State deposits of fullers’ earth occur at McCon- 
nellsville, 12 miles north of Rome. The material is a fine-grained, dense, 
Qiaternary clay in layers 2 to 8 inches thick, interbedded with layers of 
^«nd of similar thickness. This earth has been used only for cleansing 
^oolen goods (Ref. 6). 

Arkansas. — Deposits of earth are worked in Arkansas, and analyses 
of some fullers’ earth from that State are given in the table below. 

South Dakota. — In South Dakota (Ref. 7) the first deposits were 
located and opened up five miles southeast of Fairburn, Custer County, 
the section showing: 

Feet. 


Micaceous sandy clay 6 

Fullers’ earth 9 

Micaceous sandstone 
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The earth is a yellowish gritty clay, with a soinewlidfc nodular structure. 
Other deposits are known near Argyle and Minnekata. The deposit 
are of Jurassic age. 

California. — Fullers^ earth is said to occur in Kern and San Ber- 
nardino counties, but only that in the former appears to have been 
worked.^ It is said to range from 15 to 50 feet in thickness. The 
deposits are of Cretaceous, Tertiary, and Pleistocene age. 

The following table gives the composition of fullers’ earth from a 
number of different localities: 


Analyses op Fullebs’ Earth 


I. 


II. 


HI. 


IV. 


Silica (SiOa) 

Alumina (AbOa) 

Ferric oxide (FeaOa). . 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O), 

Soda (NajO) 

Water (HaO) 

Moisture 

Loss on ignition 


Total. 


51.21 

12.25 

2.07 

2:13 

4.89 


50.17 

10.00 

9.75 

0.50 

1.25 


47.10 

16.27 

10.00 

2.63 

3.15 


27.89 


24.00 


15.12 

5.73 


62.83 

10.35 

2.45 

2.43 

3.12 

0.74 

0.20 

7.72 

6.41 


100.41 


100.06 


100.00 


96.25 


67.46 

10.08 

2.49 

3.14 

4.09 


5.61 

6.28 


99.15 


VI. 


VII. 


VIII. 


IX. 


Silica (SiOa) 

Alumina (AbOa) 

Ferric oxide (FejOa). . 

Lime (CaO) 

Magnesia (MgO) 

Potash (K 2 O). 

Soda (NaaO) 

Water (HjO) 

Moisture. 

Loss on ignition 


Total. 


58.72 

16.90 

4,00 

4.06 

2.56 

► 2.11 

8.10 

2.30 


50.36 

33.38 

3.31 


12.05 


74.90 

10.25 

1.75 

1.30 

2.30 

1.75 

5.80 

1.70 


54.32 
18.88 
6.50 
1 00 
3.22 


4.21 I 


11.86 


98.45 


99.10 


99.75 


99.99 


63.19 

18.76 

7.05 

0.78 

1.68 

0.21 

1.50 

7.57 


100.74 


I. Smectite from Cilly. Pom. Ann., LXXVII, p. 691, 1849. 

II. Malthacite from SteindCrfel. Dana, Syst. Min., 1893. 

III. Woburn sands, Eng. (yello^, R. H. Harland, anal. • . 

IV. Gadsden County, Fla., P. Fireman, anal. U. S. Geol. Surv., 17th Ann. Kept., Pt. Ill 

(ctd.), p. 880, 

V. Decatur County, Ga., ibid, 

VI. Fairbum, 8. Dak., E. J. Riederer, anal. U. S. Geol. Surv., 17th Ann. Kept., Pt. Ill (otd.), 

Vn. Glac&ite, Enid, Okla. Ter. G. P. Merrill, Non-metallio Minerals. 

VIII. Sumter, 8. Oy H. Ries, anal. U. S. Geol. Surv., Min. Res., 1001, p. 982, 1902. 

IX. Bakersfield, Kern County, Calif. Min. Indus., X, p. 273. 

X Alexander, Arky 1 S., 13 W., S * - 

Trans., XXVlI, p. 62, 1""" 


^e. 8, S. W. i of s! 1). i. Branner, Amer. Inst. Min. Eng., 


* Calif. State Min. Bur., Bull. 38, p. 274, 1906. 




FULLERS’ EARTH 


527 


Production. — The total production of fullers’ earth for 1907 is given 
by the U. S. Geological Survey as 32^851 tons valued at $291,773, the 
g;eater part of the supply coming from Florida, and the balance from 
Arkansas, Alabama, Massachusetts, Colorado, and New York. 

The total imports of I )oth prepared and crude earth in 1907amounted 
to 14,648 long tons valued at $122,221. 

References on Fullers Earth 

1. Day, D. T., Jour. Frank. Inst., CL, 1900. 

2. Merrill, G. P., Guide to Study of Non-metallic Minerals, p. 337, 
1901. 

3. Parsons, C. L., Fullers’ Earth and Its Application to the Bleac!> 
ing of Oils, Jour. Amer. Chern. Soc., XXIX, No. 4, Apr. 1907. 

4. Porter, J. T., Properties and Tests of Fullers’ Earth, U. S. 
Geol. Surv., Bull. 315, p. 268, 1907. 

5. Ries, H., U. S. Geol. Surv., 17th Ann. Kept., Pt. Ill (ctd.), 
p. 877. 

6. Ries, H., The Clays of New York, N. Y. State Museum, Bull. 
35, p. 870, 1900. 

7. Ries, H., Fullers’ Earth in South Dakota, Trans. Amer. Inst. 
Min. Engrs., XXVII, p. 333, 1898. 

8. Vaughan, T. W., U. S. Geol. Surv., Min. Res., 1901, p, 922, 
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Aarons, cited, 124, 126 
Abbotsford, Wis., 509 
Aberdeen, Miss., 400 
Acetates, adsorption of, 199 
Adobe, analyses of, 222 
New Mexico, 422 
Adsorption, 198 
.®olian clays, 23 

Agar-agar, effect on plasticity, 127 
Affelder, cited, 466 
Aiken, S. C., 470, 473 
Air-separators, 251 
Air-shrinkage, 156 
cause of, 156 
range of, 157 
Akron, Ohio, 444, 447 
Alabama, clays described, 319 
mentioned, 213 
Pleistocene clays, 320 
Tertiary clays, 319 
Albany clay. See Slip-claij 
Albany County, Wyo., 514 
Albite, adsorptive power, 164 
kaolinization, 3 
solubility, 2 

Alcohol, effect on plasticity, 120 
Aleksiejew, cited, 123 
Alexandria, Va., 490 
Alfred Centre, N. Y., 428 
Algonkian, 233, 314, 380 
Alkali, adsorbed by clay, 70 
Alkalies, • 

deterwiination of, 74 
effect on clay, 102 
fixed, 99 
sources of, 102 
Allegany County, Md., 380 
Allegheny County, 462, 466 
formation, 374* 
aeries, 442, 458, 498 


Allen, J. A., cited, 39 
Allophane, dehydration temperature, 64 
mentioned, 350 
properties of, 53 
Alloway clay, N. J., 419, 420 
Alluvial clays, Oklahoma, 453 
South Dakota, 475 
Tennessee, 478 
Texas, 484 
Alpena, Mich., 389 
Alton clay. Pa., 458 
Alumina, adsorption of, by clay, 198 
as coloring agent in clay, 194, 197 
determination of, 72 
effect on iron coloration, 82 
Alumina cream, effect on plasticity, 126, 
127 . 

Aluminite, analysis of, 212 
Amboy stoneware-clay, 418 
Anadarko, Okla., 453 
Analcite, as source of kaolinite, 47 
Analyses of, adobe soils, 222 
Alabama clays, 320 
Arkansas clays, 322 
ball-clays, 204 
bentonite, 513 

brick-clays, common, 220, 378 
calcareous clays, 94 
clay types, 64 
Color^o clays, 330 
Connecticut clays,* 333 
different layers in bank, 64 
Edmonson County, Ky., clays, 61 
fire-clays, 211, 344, 374 
Illinois, ^4 
Kentucky, 374 
Montana, 411 
fire-proofing clay, 228 
Florida clays, 335 
fullers’ earth, 519, 526 
Georgia clays, 341 
halloysite, ^ 
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Analyses of Indiana clays, 355 
mdianaite, .50 
Iowa clays, 366 
kaolins, 203 

Kentucky clays, 370, 372, 375 
loess, 222 

Maryland clays, 383 
Massachusetts clays, 386, 387 
mechanical separations, 146 
Michigan clay, 390, 393 
Minnesota clays, 397 
Mississippi clays, 400 
Missouri clays, 409 
New Jersey clays, 421 
New Mexico clays, 425 
New Yoik clays, 431 
North Carolina clays, 436 
North Dakota clays, 443 
Ohio clays, 4.51, 4,52 
Pennsylvania clays, 408, 469 
Portland-cement clay, 233 
pressed brick clays, 223 
residual clays, 13 
sewer-pipe clays, 218 
Silurian shales, Kentucky, 370 
slip-clays, 2.30 
South C’arolina clays, 473 
South Dakota clays, 475 
stoneware-clays, 215 
Tennessee clays, 479 
Tertiary clays, Kentucky, 375 
Texas clays, 481 
Vermont kaolins, 379 
Virginia clays, 493 
West Virginia clays, 502, 505 
Wisconsin clays, 511 
Analysis of albite, 3 
altered feldspar, 4, 5 
aluminite, 212 
anorthite, 3 

clay, Ferguson, Okla., 453 
Cornwall stone, 11 
glauconite, 59 
m-e-clay, Mexico, Mo., 407 
Ohio, 225 
Olive Hill, Ky., 52 
St. Louis, Mo., 404 
halloysite, 49, 50 
hydrous silica, 79 
indianaite, 350 ^ 

kaolin, 4, 11 
kaolinite, 42, 50 
artificial, 5 
labradorite, 4 
non-magnesian clay, 97 
orthoclase, 3, 5 
shale. Mo., 407 

See Uatioml analym, Ultimate 
analysis 
Anauxite, 518 
And^usite/ 39, 47 
in burned clay, 191 


Anderson Station, Tenn., 476 
Anglesey, kaolinite crystals. 42 
Angola, N. Y., 426 

^'^mal oils, fullers’ earth treatment of, 

Anne Arundel County, Md., 382 
Anorthite, kaolinization of, 3 
Anorthoclase, as source of kaolinite. 47 
Anticlines, 28 
Apatite, 518 

Appalachians, residual clays in, 12 
Aragonite, 481 
Arcntean clays, 314 
Arenac County, Mich., .389 
Argyle, S. Dak., fullers’ earth at, 526 
Arizona, clays of, 325 
Arkansas, (’arboniferous shales, 322 
clays described, 321 ' 
fullers’ earth, 525 
kaolin, 321 
mentioned, 213 
Mesozoic clays, 321 
Pleistocene clays, 322 
Armington, Mont., fire-clay, 410 
Armstrong County, Pa., 458, 462. 466 
Art ware, 216 » > vw 

Arundel formation, 382 
Ashburner, C. A., 469 
Asbury clay, 419 
Asbury Park, N. J., 155 
Ashland, Ky., 374 

Ashley, G. H., cited, 351, 462, 466, 469 
Ashley, H. E., cited, 185 
Atchison, Kan., 367 
Athens, Tex ,212, 484 
Athens County, Ohio, 451 

Attica ^Ind^^sTs^^”* clay-beds, 28 

Auger machine, 265 
Augite, 4, 41, 517, 518 
Augusta, Ga., 336, 473 
Augusta shales, la., 361 
Aurora, Mo., 402 
halloysite at, 49 
Austin, Tex., 484 
Austin chalk, Tex., 482 
Aztec, N. M., 424 


I Babcock, E. J., 441 
Bacteria, effect on plasticity, 129 
Ballard County, Ky., 375 
Ball-clay, chemical composition, 204 
distribution, 204 
Florida, 204, 297 
Kentucky, 375 
mentioned, 251, 295, 307 
Missouri, 403 
New Jersey, 204 
properties of, 203, 204 
Tennessee, 478 
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Ball mills, described, 300 
Baltimore, Md., 382, 383 
Barbour, E. H., cited, 411 
Barboursville, W. Va., 165 
BariuiiJ, adsorption by clay, 198 
Barlow, W. Va., 501 
Barringer, L. E., cited, 98, 311 
Barrington, R. 1., 470 
Basalt,. 517 

as source of malthacite, 516 
Bastin, E. S., 39, 379 
Batesville, Miss., 400 
Bath brick, 234 

Bath-tubs, manufacture of, 311 
Baton Rouge, La., 376 
Bauxite, 51, 52, 53, 202, 213 
Bay City, Mich., 389 
Beattystown, N. J., 413 
Beaumont, Tex., 484 
Beaumont clays, Tex., 484 
Beaver County, Okla., 453 
BeaVer County, Penn., 458, 460, 462 
Beaver River region. Pa., 459, 460, 462, 
468 

Bedford Ohio, 444 
Bedford shale, 444 
Bell City, Ky., 375 
Bell, cit,ed. 2 
Bellaire, Ohio. 451 
Belleek ware defined, 298 
Belmont, Mass., 387 
Belmont County, Ohio, 451 
Belt, Mont ,fire-f lay, 410 
Benezette, Pa., 459 
Bennii^ton, Vt.,‘379 
Ben’s Run, Pa., 460 
Benton clays, N. Dak., 439 
Benton County, Ind., 354 
Benton group, 439, 514 
Bentonite, analyses of, 513 
described, 512, 513 
uses of, 514 

Benzole, effect on plasticity, 120 
^erdel, cited, 102 
Berkeley County, W. Va., 497 
Berlin, Conn., 333 
Bermuda Hundred, Va., 490 
Beryl, kaolinization of, 4 
Beverly, Mass., 388 
Beyer, S. W., cited, 151, 155, 165, 361 
Bibbville, Ala., 319 
Biederraann, cited, 123 
Big Stone City, S. Dak,, 475 
Binns, C. F,„ cited, 69, 144 
Biotite, as source of kaolinite, 47 
mentioned, 41, 68, 80 
occurrence in clay, 56 
Birmingham shale, \V. Va., 501 
Bischot, cited, 126, 177 
Bismarck, N. Dak., 441 
Bituminous matter, Texas clay, 482 
Blackburn, Ky., 370 


Black coring, 84, 110, 112 
Black Lick, Pa., 459 
Black River Falls, Wis , 509 
Blair County, Pa., 462 
Blake, cited, 48, 53, 122 
Blandford, Mass., 386 
Bleininger, A. V., cited, 225 
Block House Run, Pa., 462 
Blue Ball, Pa., 459 
Blue Grass region, clays of, 370 
Bluff deposit, Neb., 412 
Bolivar, Pa., 462 
Bollinger County, Mo., 402 
Bonnieville, Ky., 212, 372 
Bordentown, N. J., 419 
Boring methods, 238 ’ 

Bostick’s Mills, N. C., 435 
Boston, Mass., 387 
Boulder, Colo., 329 
Bourry, cited, 198 
Bowlder-clays, 23 
Bnady’s Run, Pa., 460 
Brandon, Vt., 379 
Brandywine Summit, Pa., 457 
Branner, J. C., cited, 322 
Brick, common, defined, 253 
enameled, defined, 253 
front, defined, 253 
glazed, defined, 283 
manufacture of, 253 
soft-mud, characteristics of, 262 
stiff-mud, characteristics of, 265 
Brick-clay, adobe, 221 
Alabama, 319 
Arizona, 325 
Arkansas, 322 
California, 325, 326 
Colorado, 329, 330 
common, analyses of, 220 
physical tests of, 221 
properties of, 220 
Connecticut, 331 
District of Columbia, 334 
enameled, 226 
Florida, 334 
Illinois, 342, 347 
Indiana, 348, 353, 354 
Indian Territory, 356 
Iowa, 357, 361, 365 
Kansas, 367 
Kentucky, 370, 375 
Maryland, 380, 382, 383 
Massachusetts, 387 
Michigan, 390 
Minnesota, 394 
Missouri, 407 
Nebraska, 412 
New Mexico, 422, 424 
New Jersey, 413, 420 
New York, 428 
North Carolina, 435, 436 
North Dakota, 439, 441 
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Brick-clav, Ohio, 444 
Oklahoma, 453 
Pennsylvania, 457, 468 
pressed, analyses of, 223 
flashing of, 224 
physical tests, 223, 224 
properties of, 223 
Rhode Island, 470 
Tennessee, 476 
tensile strength, 150 
Texas, 481, 482, 483, 484 
Utah, 489 
Virginia, 489, 490 
Washington, 494 
West Virginia, 497, 498, 501 
Wisconsin, 509, 510, 511 
Wyoming, 512 

Brick-manufacture, burning, 271 
drying, 269 
molding, 261 
preparation, 253 
Bridgeboro, N. J., 419 
Bridgeport, Tex., 481 
Bridgeport, W. Va., 165 
Bridgeton, N. J., 420 
Brill, cited, 84, 96 
Briquettes, tensile strength, 148 
Bronson, Mich., 390 
Brookville, Pa., 459 
Brookville clay, 448, 459 
Brownsville, Ky., 51 
Bryson City, N. C., 435 
Buchanan County, Iowa, 361 
Buckley, cited, 25, 41, 510 
Buffalo, N. Y., 428 
Burlington, N. J., 419 
Burlin^n shale. Mo., 403 
Burning clay, changes occurring in, 190 
dehydration period, 191 
oxidation period, 192 
volatilization during, 194, 195 
vitrification period, 193 
■'Sutler County, Pa., 458 
Eutw, C., 321, 469 

C 

Cairo, N. Y., 426 
Calcareous clays, Texas, 484 
Wisconsin, 510 
Michigan, 390 

Calcite, 41, 57, 86, 123, 164, 518 
Calcite-kaolin mixtures, fusibility, 88 
porosity, 88 
Calhoun, Mo., 215 
Calhoun County, Iowa, 362 
California, clays described, 325 
fullers’ earth in, 526 
references on, 326 
Tertiary clays, 325 
Calloway County, Ky., 370 
Calumet County, Wis., 510 


Cambria, Wyo., 512 
Cambria County, Pa., 466 
Cambrian clays, 319, 357, 402, 403 
Cambridge, Mass., 387 
(Cambridge limestone. West Virginia, 501 
Cambro-Silurian, 233, 489 
Camden, N. J., 419 
Camden, S. C., 470, 473 
Cameron, cited, 2, 107 
Cameron County, Pa., 458 
Cancrinite, solubility of, 2 
Cannel, Tex., 483 
Canon City, Colo., 329 
Canton, Ohio, 448, 449 
Canton, N. C., 435 
Cape Cod, Mass., 388 
Cape Girardeau County, Mo., 402 
Cape May formation, N. J., 420 
Carbon, asphaltic, 108 
effects on clay, 108 
mentioned, 193 
Carbon County, Pa., 457 
Carbon County, Wyo., 514 
Carbonaceous clay, Tex., 481 
Carbonaceous matter, as coloring agent, 
196. See Carbon 
Carbondale, Cal., 326 
Carbon dioxide, relating to weathering, 

Carboniferous clays, Indiana, 350 
Iowa, 361 
Kansas, 367 
Kentucky, 371 
Maryland, 381 

mentioned, 39, 57, 213, 217, 220l 
226, 227, 322 
Michigan, 389 
Mis.souri, 404 
Ohio, 446 
Pennsylvania, 458 
Tennessee, 476 
I’exas, 481 
Virginia, 490 
West Virginia, 497 
Carboniferous shales, siderite in, 57 
(.arclazite, 246 
Carlisle shale, Colo., 329 
Carroll County, Ohio, 450 
Cascade County, Mont., 410 
Cassville coal, 451 
Casting pottery, 305 
Catlettsburg, Ky., 374 
Catskill shale, W, Va., 497 
Cecil County, Md., 380, 382 
Cedar County, Iowa. 361 ^ 

Cedar Mountain, Ark., 322 
Cei-edo, W. Va., 501 
Chagrin shale, Ohio, 444 
Chamberlin, T. C., cited, 41 
Champlain Valley, N. Y., 428 
Chandler, Okla., 453 
Chanute, Kan., 367 
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Charlestown, W. Va., 165, 497, 501 
Chaser-mills, 275, 303 
Chattahoochee River, Ga., 336, 340 
Chemical analysis, interpretation of, 02 
of clays, GO 

Chemical changes in clays, 33 
Chemical composition, relation to fiish 
bility, 168 

Chemical properties of lays, 40 
Chemung shale, New York, 426 
West Virginia, 497 
Cheraw, S. C., 473 
Cherry vale, Kan., 307 
Chert, 54 

Chester, Minn., 397 
Chester County, Pa., 454 
Chesterfield, S. C., 470 
Chicago, 111., 347 
China clay. See Kaolin 
Chittenden, Vt., 379 
Chlorides, adsorption by clay, 199 
Chlorite, 41 

Christian County, Ky., 370 
Chromolithography, 311 
Cilly, Styria, 510 
Cimolite, 53 

Cincinnati shales, 342, 370 
Cisco, Tex., 481 
Clairborne formation, 400 
Clapp, C. H., cited, 441 
(3app, F. G., cited, 28, 469 
Clarion clay, 460, 498 
Clarion County, Pa., 458, 460, 461 
darke County, Wis., 509 
Clarke, F. W., cited, 19 
Clarkesburg, W. Va., 165 
Clarksdale, Miss., 400 
Clay, absorption of water by, 106 
adobe, 221 

adsorptive power, 198 
spolian, 23 

air-separation of, 251 
, air-shrinkage, 156 
alkalies in, 99 
ammonia in, 99 
analyses of, 64 
ball, 203 
biotite in, 56 
bowlder, 23 
brick, 220 
calcareous, 94 
calcareous, uses of^ 93 
calcite in, 57 
carbon inf effect of, 108 
carbonates in, 1, 86 
changes in burning of, 190 
chemical analysis of, 60 
chemically combined water in, 107 
chemical properties of, 40 
chemical variation in, 64 
classification of, 23 
colluvial. 12, 27 


Clay, color of, 160, 161 
dehydration of, 39 
delta, 25 
definition of, 1 
dolomite in, 59 
drift, 20 

enameled brick, 220 
estuarine, 19 
feldspar in, 55 
fineness factor of, 144 
fire, 205 

fireproofing, 227 
fire-shrinkage, 157 
flood-plain, 20 
fusibility of, 166 • 

fusion-point lowered by ferrous 
iron, 85 
garnet in, 59 
glacial, 23, 408 
glaas-pot, 214, 231 
glauconite in, 59 
gumbo, 231 
prpeum in, 58, 86 
hematite in, 56 
hollow-brick, 227 
hornblende in, 59 
hydrous silica in, 79 
hydroxides in, 1 
ilmcnite in, 58 
iron compounds in, 80 
iron in, coloring action of, 81 
iron oxides in, 56, 80 
kaolin, 200 
kinds of, 200 
lake, 20 
lepidolite in, 56 
lime in, 86 

lime carbonate in, 86 
lime silicates in, 94 
limonite in, 56 
littoral, 25 
loess, 221, 408 
magnesia in, 95 
magnesite in, 59 
magnetite in, 57 
manganese in, 60 
manufacturing methods, 252 
marine, 19 

mechanical analysis of, 133 
meta-sedirnentary, 25 
mica in, 55 

mineral compounds in, 76 
minerals in, 40 
mining methods, 239 
miscellaneous kinds of, 230 
moisture in, 106 
mottling of, 34 
muscovite in, 56 
origin of, 1 
outcrops, 234 
oxides in, 1 
paint, 233 



634 


INDEX 


Clay, paper, 232 
parent rock of, 1 
paving-brick, 226 
pelagic, 25 
permeability, 198 
phosphoric acid in, 114 
physical properties of, 119 
pipe, 231 
plasticity of, 119 
polishing, 234 
rortland cement, 232 
potash in, 99, 102 
preparation of, 248 
pressed brick, 222 
prospecting for, 234 
pure, 8 
pyrite in, 57 
quart/ in, 54 
rare elements in, 60 
rational analysis of, 65 
red, composition, 19 
residual,. 1 1 
rutile in, 58 
sagger, 231 

secondary character of, 1 
sedimentary, 14 
selenite in, 58 
sewer-pipe, 217 
siderite in, 57 
silica in, 76 
silicates in, 1 
slip, 228 
soda in, 99, 102 
soluble salts in, 116 
specific gravity of, 164 
statistics, 313 
stoneware, 214 
sulphur in, 111 
swamp, 20 

tensile strength of, 148 
terra-cotta, 216 
texture of, 133 
titanium in, 103 
trans|X)rted, 14 
tourmaline in, 59 
ultimate analysis of, 60 
ultramarine, 234 
uses of, 252 
vanadiates in, 59 
vivianite in, 60 
wad, 232 
ware, 231 
washing, 248 
water in, 106 
weathering of, 129 
zinciferous, 121 

Clay-deposits, change of color, 35 
chemical changes in, 33 
classification of, 23 
concretions in, 35 
consolidation of, 35 
discoloration of, 34 


Clay-deposits, erosion of, 30 
exploitation of, 238 
faulting of, 28 
folding of, 28 
leaching of, 36 
mechanical changes in, 28 
secondary changes in, 28 
softening of, 35 
tilting of, 28 
Clay Marl series, 419 
Clay-mining, 247 
Clay-products, statistics, 313 
Clay-slides, 240 
Clay substance, 5 
Clayton, Mass., 386 
Clayton, Wash., 494 
Clearfield County, Pa., 458, 462 
Cleveland, Ohio, 444 
Cleveland shales, Ohio, 444 
Cliff wood clays. New Jersey, 418 
Climax, Pa., 458 
Clinton shale. New York, 426 
Pennsylvania, 458 
West Virginia, 497 
Coal, Wyoming, clays with, 512 
Cobalt in clay, 60 
Coffey ville, Kan., 367 
Cohawsey clay. New Jersey, 419, 420 
Coldwater, Mich., 290 
Coldwater shales, 390 
CoUier, W. Va., 501 
Collins, cited, 5, 245 
Colloids, 1, 124, 129 
Colluvial clays, 12, 27 
Collyritc, 53 
Color of clays, 196 
Colorado C'ty, Colo., 329 
Colorado, clays described, 326 
mentioned, 213, 226 
Meso/oic clays, 326 
Pleistocene clays, 330 
references on, 330 
Columbia, S. C., 470, 473 
Columbiana County, Ohio, 449 
Columbian formations, 334, 376, 383, 
400, 468, 470, 490 
Columbus, Ga., 336, 340 
Columbus, Ky., 375 
Columbus, Ohio, 444 
black shale, 111 
Common brick, 220 
Concho County, Tex., 481 
Concretions in clay, 36, 36, 482 
limonite, 56 • 

siderite, 57 

Conduit clay. New York, 426 
Conduits, manufacture of, 284 
mentioned, 214 

Conemaugh series, 381, 461, 466, 501 
Cones, Seger, 180 
Connecticut, clays described, 331 
Pleistocene clays, 331 
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Connecticut clays, references on, 333 
Conoquenessing sandstone, Ohio, 447 
Converse County, Wyo., 514 
Cook, G. H., cited, 62, 123, 129 
^oper County, Mo., 402 
Cooper, Tex., 483 
Copper, adsorption by clay, 199 
in clay, 60 

Copper Queen mine, clay in, 325 
Cordierite, 39 
Corning. N. Y.. 426 
Cornwall, England, kaolin at, 6 
Com wall stone, analysis of, 11 
Corona, Cal , 325 
Qjrsicana, Tex., 483 
Corunna, Mich., 389 
Corundum-wheels, clay in, 234 
Cosgriff, Wyo., 513 
Coshocton Countv, Ohio, 448 
Cottonseed oil, bleaching of, 621 
Cowl^, Wyo., 514 
Cox, E. T., cited, 351 
Crab Orchard, Ky., 370 
Cramer, cited, 85, 170, 180 
Crawfordsville, Ind., 348 
Cremiatschenski, cited, 123 
C. C. ware, defined, 298 
Cretaceous clays, Colo., 326 
Illinois, 347 
Iowa, 362 
Kansas, 368 
Kentucky, 374 
Maryland, 381 

mentioned, 28, 41, 67, 196, 204, 213, 
217, 220, 226, 232, 336, 370,410,439 
Minnesota, 394 
Mississippi, 398 
Missouri, 403 
Nebraska, 412 
New Jersey, 417 
New York, 428 
North Dakota, 439 
, sedimentary clays of, 17 
South Dakota, 474 
Texas, 481 
Wyoming, 612 
Cretaceous lullers’ earth, 620 
Crider, A. F., 375. 376, 398 
Cripple Creek, Colo., kaolin at, 6 
Cromwell, Conn., 331 
Crook ^unty, Wyo., 613, 514 
Cross. W., cited, 6 , 

Crucibles, 214 
Crump, H. 376 
Crushers described, 264 
Crystallites in burned clay, 196 
Cumberland City, Tenn., 476 
Cumberland County, Pa., 467 
Currier, Tenn., -478 

Cushman, A. S., cited, 2, 126, 128, 129 

Custer, S. Dak., 474 

Cyanite, as source of kaolinite, 47 


D 

Dakota CTOup, 290, 362, 453, 474 
Dallas, Tex., 480 

Dana, E. S., cited, 49, 50, 62, 68, 616 
Danversport, Mass., 388 
Darlington clay, 462 
Darton, N. H., cited, 334, 513, 516 
Daubr^, cited, 2, 6, 122 
Day, A. L., cited, 89 
Day, D. T., cited, 625, 627 
Decatur County, Ga., 525 
Dehydration of clay, natural, 39 
Delage, cited, 41 
Delaware, clays described, 634 
mentioned, 233 
Delaware County, Pa., 454 
Dellslow, W. Va., 501 
Delta-clays, 25 
Demond, cited 189 
Denton, Tex., 482 
Denver Basin, clays of, 326 
De Smet, S. Dak., 475 
Detroit, Mich., 390 
Devonian shales or clays, Iowa, 361 
Kentucky, 371 
Maryland, 380 
mentioned, 28, 220, 226, 369 
Michigan, 389 
Mississippi, 398 
New York, 426 
Ohio, 444 
Pennsylvania, 457 
West Virginia, 497 
DeWolf, F. W., cited, 85,347 
Diabase, 517 

Diatomaceous earth, Virginia, 490 
Dick, cited, 42 
Dickinson, N. Dak., 441 
Dikes, effect on clay, 39 
Diorite, 517 

Discoloration by vanadiates, 69 
Disintegrators, described, 2M 
mentioned, 284, 287 
District of Columbia, clays of, 334 
Dolomite, decarbonation tem^rature,96 
mentioned, 41, 86 
occurrence in clay, 69 
Dorsey, Md., 380 
Double-coal brick, 272 
Down-draft kilns, 288 
Drain-tile clay, Connecticut, 333 
Iowa, 362 
Kansas, 367 
Missouri, 407 
New Jersey, 420 
New York, 426, 428 
North Carolina, 435 
Ohio, 442, 444 
Drain-tile manufacture, 282 
Dreux, clay from, 48 
Drift-clays, 23 
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Dry Branch, Ga., 212, 341 
Dryer-white, cause of, 110 
Drying-floors, 284 
Drying-tunnels, described, 269 
Dry pans, described, 254 

mentioned, 257, 275, 284, 287 
Dry-press brick process, described, 266 
mentioned, 262, 287 
ry-press process, moisture in clay, 206 
unkard series, 451, 502 
urand, Wis., 509 
Durango, Colo., 329, 330 
Durango-Gallup coal-field, clays of, 330 
Dutch Kilns, 272 
0 

E 


Eagle Ford formation, Tex., 482 
Eagle Pass, Tex., 482, 483 
Earthenware defined, 297 
red, burning of, 305 
Earthenware-clay, Connecticut, 333 
Iowa, 357, 361 
Massachusetts, 388 
Michigan, 390 
Pennsylvania, 468 
East Liverpool, Ohio, 460 
Eau Claire, Wis., 509 
Eckel, E. C., 325, 398, 477 
Eden shale, Ohio, 442 
Edgar, Fla., 334, 121 
Edmonson County, Ky., 370, 371 
indianaite from, 51 
Edwards County, Tex., 481 
Edwards limestone, kaolin in, 481 
Ehrenberg, cited, 42 
Ehrenbergite, compared with bentonite, 
513 

Elgin, Tex., 484 
Elk County, Pa., 458 
Elkins, W. Va., 497 
Ellerslie, Md., 381 
Elmendorff, Tex., 484 
Elmira, N. Y., 4^ 

El Reno, Okla., 453 
Elsinore, Cal., 325 
Elutriator, air, Cushman^s, 143 
Elutriator, KrehbiePs, 142 
Enameled-brick clays, 226 
Encaustic tile, 297 
Eocene, 59, 336, 398, 473, 490 
coals, clay with, 483 
Epidote as source of kaolinite, 47 
Epsomite, source of sulphur, 111 
Erosion of clays, 30 
Escanaba, Mich., 390 
Essex County, Mass., 388 
Estill, formation, Ky., 370 
Estuarine clays, 19, 420, 428, 510 
Ether, effect on plasticity, 1^ 
Excavation, metWs of, 239 


P 

Fairburn, S. Dak., 525 
Fargo, N. Dak., 441 
Farmin^on. N. M., 424 
Farranasville, Pa„ 459 
Faulting in clay-deposits, 28 
Fayence, architectural, 290 
defined, 298 

Fayette County, Pa., 459, 461 
Fayetteville, Pa., 435 
Feldspar, adsorptive power, 198 
composition of, ^ 
mentioned, 6, 11, 41, 47, 48, 54, 69, 
71, 75, 86, 87, 102, 103, 164, 172, 
173, 187, 295, 298, 307, 311, 385, 
618 

occurrence in clay, 55 
reactions in kaolinization of, 47 
Feldspar beds, New Jersey, 418 
Fenneman, N. M., cited, 330, 409 
Fernbank, Ala., 319 

Ferric oxide, determination of, 73. See 
Iron oxide 

Ferriferous coal under-clay, 460 
Ferriferous limestone, 374 
Ferriferous limestone-clay, 448 
Ferris, Tex., 483 

Ferrous oxide, determination of, 74 
Feuerfestigkeits-Quotient, 176 
Filter-press, 251, 264, 265 
Fineness factor, 144 
Fire-brick, cone of firing, 288 
Colorado, 326 
Connecticut, 333 
manufacture of, 287 
Maryland, 380 
New Jersey, 211 
requirements of, 288 
shapes of, 288 
texture, 288 

Weber’s experiments, 288 
Fire-clay, Alabama, 319 

association with coal, 213 
chemical composition, 205 
Colorado, 326 
definition of, 205 
Delaware, 334 

distribution, geographic, 213 
geologic, 213 
for glass pots, 214 
Georgia, 341 
Illinois, 344-347 
Indiana, 352 ’ 

Iowa, 362 

Kentucky, 371, 373, 374 
Maryland, 380, 381, 382 
mentioned, 251, 458 
Mexico County, Mo., 356 
Missouri, 404, 407 
New Jersey, 213, 418, 420 
New Mexico, 422 
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Fire-clay, New York, 428 
North Carolina, 435 
Ohio, 446, 447, 448, 450 
Pennsylvania, 454, 457, 458, 460, 
462 

pholerite, 52 
properties of, 205, 210 
St. Louis, properties of, 404 
silica-alumina ratio, 206 
silica in, effects of, 206 
South Dakota, 474 
Tennesee, 476, 477 
tensile strength, 150, 211 
Texas, 482, 483, 484 
texture of, 211 
titanium in, effect of, 210 
United States, distribution, 213 
uses of, 214 
Utah, 489 
vanadiates in, 59 
Virginia, 490 
Washin^on, 494 
West Virginia, 498, 501 
See also Flint-clay 
Fireproofing defined, 282 
Fireproofing clay, analyses of, 228 
Indiana, 353 
Massachusetts, 388 
mentioned, 354, 357, 490 
New Jersey, 228, 413 
New York, 420 
Ohio, 444 
physical tests, 229 
properties of, 227 
Fire-shrinkage, cause of, 157 
range of, 157 
relation to texture, 159 
temperature of, 157 
Fisher, C. A., cited, 411 
Flashing bricks, 224 
Flint, 52, 296, 307, 311 
Flint-clay, Alabama, 319 
defined, 212 
Georgia, 341 
Kentucky, 373 
Maryland, 435 
mentioned, 40, 458 
Missouri, 402, 403 
Ohio, 446, 460 
origin, 402 

Pennsylvania, 459, 461, 462 
tensile strength, 160 
West Virginia, 494, 498, 501 
Flood-plain flays, 20 
Floor-driers. 271. 287 
Floor-tile, classincation of, 296 
manufacture of, 296 
properties of, 296 
raw materials, 295 
Flora Vista, N. M., 424 
Florida, ball-clay, 334 
Florida clays described, 334 


Florida clays, fullers’ earth, 526 
references on, 335 
Flower-pot clay. See Earthenwara 
Flue-lining clay. Ind., 353 
Fluorine as kaolinizing agent, 5 
Fluxes defined, 61 
Foerste, A. F., cited, 370, 371, 376 
Fobs, F. J., 376 
Folding in clay-deposits, 28 
Fond du Lac, Wis., 510 
Forestdale, Vt., 379 
Forschammer, cited, 2 
Fort Lewis, Colo., 329 
Fort Smith, Ark., 322 
Fort Worth, Tex., 482 
Fox Hills formation, 329 • 

Frannie, Wyo., 514 
Fredericksburg, Va., 490 
Fritsch, v., cited, 42 
Frostburg, Md., 381 
Fruitlaml, N. M., 424 
Fuller, M. L., 388 
Fullers’ earth, acidity of, 520 
analyses of, 519 
Arkansas, 525 

bleaching power, cause of, 618 
California, 526 
defined, 516 
distribution, 522 
effect of acid on, 519 
lime in, 520 

Georgia-Florida district, 525 
laboratory tests of, 621 
Massachusetts, 525 
minijig and uses, 522 
New York, 525 
petrographic characters, 51? 
production, 527 
properties, 516 
rational analyses, 618 
requisites of, 521 
South Carolina, 525 
South Dakota, 525 
Southern States, 525 
treatment of, 621 
Fulton County, Ky., 375 
Fulton, Mo., 404 

Fusibility, Bischof’s formula, 176 
classification based on, 188 
complete vitrification, 167 
Cramer's experiments, 170 
expression of, 176 
factors influencing, 166 

S ient vitrification, 167 
vig's experiments, 170 
measurement of, 179 
oxidation, relation to, 175 
rate of sohening, 167, 168 
relation to chemical compositioOilOS 
homogeneity, 174 
Richter’s experiments, 168 
Seger cones, 180 
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Fusibility, Seger’a formula, 178 
texture, relation to, 174 
viscosity, 167 
Wheeler’s formula, 178 
See Pyrometers 
Fusibility-factor, 179 
Fusion formation, S. Dak., 474 

G 

Gabbro, 1, 453, 517 

Gadsden County, Fla., 517, 525 

Galena-Trenton formation, Iowa, 357 

Galesburg, 111., 344 

Gallagher, cited on soils, 107 

Gallia, Ohio, '151 

Gallipolis, Ohio, 451 

Gallup, N. M., 424 

Gardner, J. 11., cited, 51, 330, 371, 376, 
425 

Garnet, as source of kaolinite, 47 

mentioned, 77, 78, 80, 86, 102, 435 
occurrence in clay, 59 
Garrett County, Md., 380 
Gaa-retorts, 214, 231 
Gay Head, Mass., 387 
Geary, Okla., 453 

Geijsbeek, S., cited, 185, 186, 330, 478 
Georgia clay, minerals in, 41 
clays described, 335 
coastal-plain clays, 336 
cretaceous clavs, 340 
Dry Branch clays, 341 
fullers’ earth in, 625 
halloysite in, 49 
mentioned, 213, 232 
Pre-Cambrian clays, 336 
references on, 342 
Upper cretaceous clays, 340 
Germany, 214 
Gibbaite, 202 
Girty, Pa., 461 
Glacial clay, Missouri, 408 
Rhode Island, 470 
South Dakota, 475 
Washington, 494 
Wisconsin, 510 
Wyoming, 612 
See also Pleistocene 
Gladstone, N. Dak., 441 
Glass-pot clay^ 214 
Glauconite, analysis of, 59 
as coloring agent, 196 
clays, 69, 77, 80, 81, 102, 482, 484 
Glazes, Bristol, 307 
porcelain, 308 
pottery, 306, 307 
salt, 306 
terra-cotta, 295 
Glen Allen, Mo., 202, 402 
Gneiss, 314, 380, 386, 489, 609 
Golden, Colo., 28, 212, 326 


Goldsboro, N. C., 435 
Gordon, Ga., 341 
Grahaim Tex., 481 
Grand Forks, N. Dak., 441 
Grand Gulf formation, Ala., 319, 398 
Grand Junction, Tenn., 477 
Grand Rapids, Mich., 389 
Grand Rapids, Wis., 509 
Granite, change to clay, 7 
disintegration of, 2 
mentioned, 314, 453 
Grant County, W. Va., 497 
Graves County, Ky., 375 
Grayson County, Ky., 370, 371 
Grayson, N. Dak., 441 
Great Valley, clays in, 454, 489 
Greave.s- Walker, cited, 52, 376 
Green Bay, Wis., 510 
Greenbrier County, W. Va,, 497 
Green County, III., 344 
Greenford, Ohio, 448 
Green Lake County, Wis., 510 
Greensand. See Glauconite 
Greensand, Va., 490 
Greensboro, N. C., 435 
Greenville, Tex., 403 
Griffin, cited, 110 

Grimsley, cited, 26, 114, 115, 156, 497, 
498 

Grinding, effect on plasticity, 129 
Grog, 160 

Gross-Almerode, 214 
Grout, cited, 26, 114, 116, 127, 128, 129, 
156 

Grover, N. C., 435 
Guillemia, cited, 51 

Gumbo-clay, chemical composition, 231 
Iowa, 365 
Kansas, 368 
Missouri, 150 
physical properties, 231 
tensile strength, 150 
Gypsum, decomposition temperature, 68 
effect on clay, 94 

mentioned, 71, 86, 94, 96, 123, 
389, 439, 482 
occurrence in clay, 68 
source of sulphur. 111 

H 

Hackensack, N. J , 19, 420 
Halcyon, Wis., 609 
Halle, Germany, kaolin at, 6 
Hall^site, analyses of, 49 ' 

California, 50 

dehydration temperature, 64 
Georgia, 49 
Missouri, 41, 49 
properties of, 48 
referred to, 8, 40, 41, 70, 202 
Silesia, 50 
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Hall Station, N. C., 435 . 

Hamilton shales, 389, 426, 497 
Hammond, W Va., 166, 498 
Hampshire County, W. Va., 497 
Hancock County, Ky., 369 
Hand-wedging, 303 
Hanover, Ohio, 444 
Hardin County, Ky., 371 
Hardy County, W. Va., 497 
Harford County, Md., 382 
Harmonville, Pa., 466 
Harper’s Ferry, Va., 489 
Harrisburg, Tex., clays from, 64 
Hart County, Ky., 369, 371 
Hauyne, as source of kaolinite, 47 
Haverhill, Mass., 388 
Haworth, E., cited, 123, 368 
Hawthorne, Pa., 462 
Haydenville, Ohio, 447, 449 
Hebron, N. Dak., 441 
Hecht, cited, 180 
Hematite, 39, 56, 80 
Henderson, Tex., 484 
Henry County, Missouri, 407 
Henry County, Tennessee, 478 
Henry County, Virginia, 489 
Herzfeld, cited, 123 
Hibernia, Ky., 372 
Hice, R. R., cited, 460, 469 
Hickman County, Ky., 375 
Hickman, Ky., 375 
Hico, Tenn., 477 
Hightstown, N. J., 418 
Hilgard, E. W., 398 
Hillebrand, cited, 72 
Hirschau, Bavaria, kaolinite from, 47 
Hirsch, cited, 198 
Hooking County, Ohio, 447, 448 
Hofman, H. 0., cited, 189 
Hollick, A., cited, 28 
Hollow blocks defined, 283 
Hollow bricks defined, 283 
Hollow Rock, Tenn., 477 
•Hollow ware, advantages of, 284 
manufacture of, 282 
sizes, 283 

Hollow-ware clays, 342, 357, 362, 407, 
468 

. See also Fireproofing clay 
Holly Springs, Miss., 398 
Holyoke, Mass., 387 
HomewAod sandstone, 374, 497 
Hope Slation, Pa., 459 
HopkiA T. C., cited, 60, 454, 458, 469 
Hombllnde,*kaolinization of, 4 
occurrence in clay, 57 
referred to, 41, 77, 78, 80, 91, 102, 
517 

Homellsville, N. Y., 426 
Hot Springs, Ark,, 321 
Hot Springs, 8. Dak., 474 
Hottinger, A., cited, 97 


Houston County, Ga., 340 
Houston, Tex., 484 
Howard County, Md., 382 
Howell Cbunty, Mo., 402 
Hubbard, cited, 2 

Hudson River shales, 39, 370, 388, 413, 
426, 402, 509 

Hudson Valley, 19, 428, 431 
Huntington County, Pa,, 458 
Huron County, Mich. ,389 
Huron, Ind., 350 
Huron shale, Ohio, 444 
Hydrated aluminum silicate, 4, 5 
Hydrolysis, 2 

Hydromica slates, as source of kaolin, 
454 , 

Hydrous silica, effect on clay, 80, 518 

I 

Iddings, J. P., cited, 42 
Illinois, clays descrilxjd, 342 
Coal-measure sliales, 344 
Cretaceous-Tertiary clays, 347 
Lower Carboniferous clays, 344 
mentioned, 179, 226, 227 
Ordovician clays, 342 
references on, 347 
Tertiary clays, 347 
Ilmenite, occurrence in clay, 58 
Impure shales, Missouri, properties of, 
407 

Independence limestone, 368 
Independence, Ohio, 444 
Indian Territory, clays described, 356 
Indiana, Carboniferous shales, 360 
clays descried, 347 
coal-measure clays and shales, 351 
Devonian shales, 348 
indianaite, 350 

Lower Carboniferous shales, 348 
mentioned, 200, 213, 215, 227, 247 
Ordovician shales, 347 
Pleistocene clays, 353 
references on, 354 
Silurian shales, 348 
Indiana County, Pa., 466 
Indianaite, analyses of, 50 
Indiana, 350 
origin of, 351 
properties of, 50 
referred to, 8 
Inkey, v., B., cited, 6 
Interlocking tile, 289 
lola limestone, Kan., 368 
lone. Cal., 325 
lone formation, 325 
Ionia, Mich., 390 
Iowa, Cambrian shales, 357 
Carboniferous shales, 361 
clays described, 357 
coal-measure clays and shales, 362 
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Iowa, Cretaceous clays, 362 
Devonian shales, 361 . 
mentioned, 151, 155, 165, 213 
Ordovician clays, 357 
Pleistocene clays, 365 
references on, 365 
Silurian shales, 357 
Iron compounds, coloring action, 81 
effect of reduction on, 84 
effect on clay, 81 
oxidation of, 83 
Iron ores in clay, 56 
Iron oxide, coloring action cf, 193, 196, 
197 

effect on absorptive power, 85 
effect OK adsorption. 85 
effect on clay, 81 
fluxing action of, 85 
in residual clay, 12 
mentioned, 165, 193, 233, 518 
relation to flashing, 224 
sources of, 80 
Ironstone china, 298 
Irvine clays, Kentucky, 375 
Irvine, Ky., 370 

J 

Jackson Bluff, Fla., 334 
Jackson, cited, 68 
Jackson County, Wis., 509 
Jackson formation, 398, 400 
Jackson, Miss., 400 
Jackson-Purchase region, Ky., 374 
Jackson, Tenn., pottery at, 477 
Jacksonville, Fla., 334 
James River, Va., 490 
Jauchau Fu, kaolin from, 8 
Jefferson County, Ky., 370 
Jefferson County, Ohio, 449 
Jefferson County, Pa., 466 
Jefferson County, W. Va., 497 
Jennings shale, Maryland, 380 
Jewettville, N. Y., 426 
Jiggering, 304 
Johnson, cited, 48, 51, 122 
Johnson County, Wyo., 514 
Johnstown, Pa , 460 
Jollying, 304 
Jdsingsfjord, kaolin at, 3 
Juniata County, Pa., 457 
Jurassic, fullers’ earth in, 526 
Jura-Trias, Maryland, 381 

K 

Kansas, Carboniferous snales, 367 
clays described, 367 
Cretaceous, 368 
Pleistocene clays, 368 
references on, 368 
Triassic clays, 368 


Kansas Citw, Mo., 224 
Kasai, cited, 125 

Kaolin, adsorptive power, ’98, 199 
Alabama, 317 
analyses of, 4, 203 
Arkansas, 321 
chemical composition, 202 
China, 11 
Colorado. 6 
Connecticut, 331 
Cornwall, England, 5 
defined, 8 

dehydration temperature, 53 
Delaware, 11, 334 
depth of, 6 
derivation of name, 8 
distribution of, 202 
European, sources of, 200 

f arnet in, 59 
lalle, Germany, 6 
impurities in, 202 
Indiana, 350 

Johnson and Blake’s definition, 48 
Kentucky, 371, 372 
Maryland, 380 
Massachusetts, 386 
mentioned, 11, 102, 103, 125, 172, 
173, 233, 251, 284, 307, 336, 
516 

North Carolina, 6, 202, 435 

Oklahoma Territory, 453 

origin of, 200 

Pennsylvania, 6, 454 

physical tests of, 202 

refractoriness of, 47 

St. Anstell, England, analysis of, 6 

St. Yrieux, France, analysis of, 11 

South Dakota, 474 

Tennessee, 476 

tensile strength, 150 

Texas, 40, 50, 481 

tourmaline in, 59 

uses of, 203 

Utah, 489 * 

Vermont, 379 
Virginia, 202, 489 
Zettlitz, Bohemia, 6 
Kaolin-beds, so-called, New Jersey, 418 
Kaolinite defined, 8 
described, 42 

Johnson and Blake's definition, 48 
mentioned, 3, 40, 41, 50, 51, 69, 70, 
76, 77, 123,. 164, 202, 206 
minerals yielding, 47 
Missouri, 403 ^ 

Kaolinization by pneumatolysis, 5, 7 
defined, 3 

shrinkage accompanying, 47 
Kaolin-magnesite mixtures, fusibility of, 

porosity of, 98 
Kaolin mining, 244, 245, 246 
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Kaolin, quartz, feldspar mixtures, fusi- 
bility of, 172 

Kaolin-titanium mixtures, fusibility of. 
105 

Kaolin, Zettlitz, 187 
Kauling, 8 

Kenton County, Ky., 370 
Kent’s Island, Mass., 38(3 
Kentucky, Carboniferous clays, 371 
clays described, 360 
Cretaceous clays, 374 
Devonian clays, 371 
fire-clays, 374 
kaolin, 371 

Lower Carboniferous, 371 
mentioned, 204, 213 
Ordovician clays, 370 
Pleistocene clays, 375 
references on, 376 
Silurian clays, 370 
Tertiary, 374 

Kern County, Cal., fullers’ earth in, 526 
Keyport, N. J., 419 
Kilns, continuous, 272 
described, 271 
down-draft, 272 
mentioned, 284, 287, 295 
pottery, 308 

Kiln- white, cause of, 116 
KinderhooK shales, Iowa, 361 
Kingman, Kan., 368 
Kingsland, N. J., 413 
King-te-chin, porcelain of, 8 
Kingwood, W. Va., 501 
KinWa, N. J., 419 
Kittanning, Pa., 460 
Kittanning clays, W. Va., 498 
Knight, W. C., cited, 512, 513 
Knobstone shales, Indiana, 348 
Knop, cited, 52 

Knox dolomite, Tennessee, 476 

Kohler, cited, 199 

Koninckj citeti, 52 

Kootenai formation, fire-clay in, 410 

Kovar, cited, 104 

Krage, F., cited, 78 

Kreischerville, N. Y., 428 i 

KOmmel, H, B., cited, 54 
Kummer, Wash., 494 
Kyanite, 39 

L 

Labradorite,«kao1inization of, 4 

Lackawanna County, Pa., 457 

La Crosse, Wis., 511 

Lacustrine clays, Wis., 510 

Ladd, G. E., cite^ 24, 41 128, 130, 342 

Lafayette sands, Tenn., 477 

Lagatu, cited, 41 

La Junta, Colo., 329 

Lake-olays, 20 


Lake County, Ind., 354 
Lampasas County, Tex., 481 
Lancaster, N. Y., 428 
Langenlieck, cited, 68, 130 
Laporte County, Ind., 354 
Laramie clays, N. Dak,, 441 
S. Dak , 474 

Laramie County, Wyo., 514 
Lard-oil, bleaching of, 521 
Laredo, Tex., 483, 484 
Larue County, Ky., 371 
Las Vegas, N. Mex., 422 
Laughlin, G. H., cited, 13 
Laurent, cited, 176 
Lawrence County, Ind., 50. 350 
Lawrence County, Mo., 40* 

Lawrence (bounty, Ohio, 449 
Lawrence County, Pa., 458 
Lawrence shales, 368 
Lead, S. Dak., 475 
Lead salts, adsorption by clay, 198 
Leaky, Tex., 50, 481 
Le Chatelier, H., cited, 48, 53, 54 
Leda clays, 41 
Lehi, Utah, 489 
Leon County, Fla., 525 
Leonard, A. G., cited, 39, 441 
Lepidolite, occurrence in clay, 56, 68 
solubility of, 2 
Lesquereaiix, cited, 351 
Leucite, as source of kaolinite, 47 
solubility of, 2 
Leucoxene, 58 
Lewis County, Ky., 369 
Lewis formation, Colo., 329 
Lignite, with fire-clay, S. Dak., 474 
Lignitic clays, Tex., 483 
Lime, adsorption by clay, 198 

alumina, silica mixtures, fusibility 
of, 89 

as coloring agent, 194, 197 
determination of, 73 
effect on clays, 86 

iron coloration, 82 
silica mixtures, fusibility of, 89 
source of, in clay, 86 
Lime carbonate, bleaching effect, 87 
decarbonation temperature, 86 
effect on clay, 86, 88 
relation to vitrification, 87 
Lime silicates, effect on clay, 94 
Limestone, alteration to clay, 7 
as source of kaolin, 200 
Limonite, mentioned, 41, 80, 228, 238 
occurrence in clay, 56 
Vermont, 379 
Lincoln, Cal., 325 
Lincointon, N. C., 435 
Linder, cited, 122 
Lindgren, cited, 6, 325 
Lines, E. F., 469 
Linietta clay, Ky., 371 
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Linn County, Iowa, 361 
Little Falls Station, Wash., 494 
Little Rock. Ark., 322 
Littoral clays, 25 
Lloyd, Tex., 482 
Loess, analyses of, 222 
distribution, 221 
Iowa, 366 

mentioned, 221, 304 
Missouri, 408 
Nebraska, 412 
tensile strength, 150 
Wisconsin, 511 
Wyoming, 512 
Logan County, Ky., 370 
liOgan shale, tOhio, 444 
Logan, W. N., cited, 398, 400 
Log- washer, 197 
Long Island, N. Y., 428 
Lorraine shale, Ohio, 442 
Los Angeles, Cal., 326 
Louisiana, clays described, 376 
references on, 377 
Lower Barron Measures. See Cone- 
mavgh series 

Lower Carboniferous, Illinois, 344 
Missouri, 403 
Ohio, 445 
West Virginia, 497 
Lower Cretaceous, New Jersey, 417 
Texas, 481 

Lower Freeport clay, Ohio, 450 
Pennsylvania, 462 
Lower Kittanning clay, Ohio, 448 
Pennsylvania, 462 
West Virginia, 498 
Lower Mercer clay, Ohio, 447 
iron ore, Ohio, 447 
limestone, Ohio, 447 

Lower Productive Measures. See Alle- 
gheny series 
Lucas, cited, 125 
Ludwig, cite^, 170 
Liilbegrud formation, 370 
Lunette pyrometer, 188 
Luzerne County, Pa., 457 
Lynnville, Ky., 375 


M 


McCartney, Pa., 462 
McConnellsville, N. Y., 525 
McCracken County, Ky., 375 
McIntyre, Ga., 341 
McKean County, Pa., 458 
Mt. Holly Springs, Pa., 454 
wavellite near, 60 

Mt. Savage fire-clay, Pennsylvania, 4^ 
West Virginia, 497 
Mt. Savage, Md., 381 
Mackenzie, Tenn., 477 


Muckier, cited, 96, 116 
Macon, Ga., 336, 340 
Madison County, Ky., 370, 376 
Magnesia, determination of, 73 
effect on clay, 97, 98 
Mackler’s experiments with, 97 
Magnesite, decarbonation temperature^ 
96 

occurrence in clay, 59, 618 
Magnesium adsorption of, by clay, 198 
Magnetite, 39, 41, 57, 80, 617 
Mahoning, Pa., 460 
Mahoning sandstone, 466, 601 
Maine, clays describe, 378 
references on, 379 
Majolica defined, 298 
Malakoff, Tex., 484 
Malthacite, 516, 517 
Mancos formation, Colo., 329 
Mancos shale, N. M., 424 
Manganese, in clay, 60, 233 
Vermont, 379 
Mangum, Okla., 453 
Manitowoc County, Wis., 510 
Mansfield sandstone, 350, 351 
clay in, 344 

Manufacture of bricks, 253 
conduits, 284 
drain-tile, 282 
fire-brick, 287 
floor-tile, 296 
hollow ware, 282 
pottery, 299 
roofing-tile, 289 
sewer-pipe, 275 
terra-cotta, 290 
Maple Shade, N. J., 419 
Maquoketa shale, 357 
Marathon County, Wis., 509 
Marble, adsorptive power of ground) 198 
Marcasite, 57, 111 
Marine beds, Texas, 484 
Marine clays, 19 
Marion County, Tenn., 476 
Marly clays, Indiana, 363 
Texas, 482 

Marauette, Mich., 390 
Marsnall clays, Mich., 389 
Marshall County, Ky., 370 
Martha^s Vineyard, Mass., 387 
Martin County, Ind., 350 
Martin, L., cit^, 470 
Martinsburg shale^ W. Va., 497 
Martinsville, Ind., 348 
Maryland, Al^nkian, clays 380 
Arundel ways, 382 
Carboniferous Beetles, 381 
clays described, 379 
Cretaceous clays, 381 
Devonian shale, 380 
glauconite in, 59 
Jura-Trias clays, 381 
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Maryland mentioned, 60, 126, 178, 179, 
226, 233, 247 
Patapsco clays, 382 
Patuxent, 382 
Pleistocene clays, 383 
Raritan clays, 383 
references on, 385 
Silurian shales, 380 
Tertiary clays, 383 
Mason City, Iowa, 361 
Masontown, W. Va., 501 
Massac County, 111., 344 
Massachusetts, clays described, 386 
Cretaceous and Tertiary clays, 387 
kaolins, 386 
Pleistocene clays, 387 
references on, 388 
Massillon sandstone, Ohio, 447 
Matawan formation, 381 
Matawan, N. J., 419 
Matson, G. C., cited, 84 
Mauch Chunk shale, 381, 458, 497 
Maxville limestone, clay in, 446 
Mayfield, Ky., 375 
Maynardville, Tenn., 478 
Mayport, Pa., 458 
May’s Landing, N. J., 420 
Meade County, Ky., 369 
Mecca, Ind., 353 

Mechanical analysis. Beaker method, 
155 


centrifugal method, 140 
Cushman's method, 143 
described, 133 
Hilgard method, 139 
Iowa clays, 155 
Krehbiel’s method, 14^ 

New Jersey clays, 153 
residual clays, 14 
Schoene’s method, 138 
Medford, Mass., 387 
Medina shale, 426, 497 
Meigs County, Ohio, 451 
Meinegk, Prussia, folded clays, 28 
Melanterite, source of sulphur. 111 
Mellor, J. W,, cited, 128, 196 
Menifee County, Ky., 369 
Menomonie, Wis., 511 
Mercer clay, Pa., 458 
Mercer County, Pa., 458 
Merill, G. P., cited, 2, 7, 11, 12, 13, 40, 
41, 49, 120, 166, 515, 517, 527 
Merillan, Wis., 509 • 

MertJstown, ^a., 4M 
Mesaverde formation, Colo., 329 
Mesozoic, 54, 321, 326 
Meta-sedimenta^ 

Mexican tile, denned, 289 
Mexico, Mo., 404 
Mica, compar^ 

mentioned, 2, 77, 78, 245, 436 
ooouirence in clay, 66 


Michigan, Carboniferous shales, 389 
clays described, 388 
Devonian shales, 389 
mentioned, 58, 93, 179 
Pleistocene, 3^ 
references on, 393 
Silurian shales, 388 
Michigan shale formation, 389 
Microcline, adsorptive power of, 199 
as source of kaolinite, 47 
Middle Kittanning clay, Ohio, 460 
Pennsylvania, 462 
West Virginia, 498 
Middletown, Conn., 331 
Milch, L., cited, 42 
Millard County, Utah, 489 • 

Miller, cited, 2 
Millersburg, Ohio, 447 
Millsap, Tex., 481 
Millville, N. J., 420 
Mineral County, W. Va., 497 
Mineral oils, fullers’ earth treatment of, 
521 

Minerals in clay, 40 
Mingo clay, Ohio, 447 
Mingo County, W. Va., 501 
Mining clay, 240 
Minneapolis, Minn., 397 
Minnekata, S. Dak., fullers’ earth at, 520 
Minnesota, clays described, 394 
Cretaceous clays, 394 
Ordovician clays, 394 
Pleistocene clays, 397 
Pre-Cambrian clays, 394 
references on, 397 
residual clays, 394 
Minorsville, Neb., 412 
Miocene clays, 102, 490 
Mission tile, defined, 289 
Mississippi, clays described, 398 
Cretaceous clays, 398 
references on, 398 
Tertiary clays, 398 
Mississippian, 344, 402 
Missouri, ball-clays, 403 
clays described, 400 
Coal-measure clays, 404 
fire-clays, 404 
flint-clays, 40, 402 
halloysite, 41, 49 
kaolins, 402 

mentioned, 150, 165, 202, 204, 218 ; 

214, 215, 217, 218, 247 
Palaeozoic limestone clays, 402 
pholerite, 61 
Pleistocene clays, 408 
references on, 408 
stoneware-clays, 403, 407 
Tertiary clays, 408 
Mogadore, Ohio, potteries, 447 
Molding pottery, 304 
Molybd^um in clay, 60 
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Monkton, Vt., 379 
Monmouth, 111., 344 
Monmouth formation, 381 
Mono Lake, halloysite from, 50 
Monongahela series, Ohio, 451 
West Virginia, 501 
Monroe County, Ohio, 451 
Monroe County, W. Va., 497 
Montague, Tex., 481 
Montana, brick-clay, 410 
clays described, 410 
fire-clay in, 410 
references on, 411 
Montezuma, Ind., 353 
Montgomery County, Iowa, 362 
Montmorillonite, 53, 54, 513, 518 
Moore, cited, 176 
Moraine clays, 390, 428 
Morgan County, Mo., 402 
Morgantown, N. C., 435 
Morgantown, W. Va., 165, 501 
Morristown, Tenn., 478 
Moundsville, W. Va., 501 
Mountain Valley, Ark., 322 
Mount Holly, N. 0., 435 
Mount Savage clay, Ohio, 447 
Moxahala, Ohio, 450 
Mahlhkuser, 0., cited, 107, 409 
Murray, Ky., 374 
Muscovite, fluxing action of, 102 

mentioned, 2, 41, 68, 102, 164, 202 
occurrence in clay, 56 
solubility of, 2 

Muskingum County, Ohio, 447^ 448, 4 19 
N 

Nacogdoches, Tex., 484 
Nacrite defined, 52 
Nageli cited, 124 
Nantucket, Mass., 387 
Narragansett Bay, R. I., 470 
Natrona County, Wyo., 513, 514 
Natural slags, 39 

Nebraska, Carboniferous clays, 4il 
clays described, 411 
Cretaceous clays, 412 
loess, 412 
references on, 413 
Nebraska City, Neb., 412 
Neocene, 325 
Nepesta, Colo., 329, 330 
Nephelinite, as source of kaolm^te 47 
solubility of, 2 
Nevius, J. N., cited, 379 
New Albany, Ind., 348 
Newark, Onio, 444 
New Bethlehem, Pa., 460 
New Boston, Tex., 483 
New Brighton clay, 460 
New Brighton, Pa., 460 
New Cumberland, W. Va., 488, 5 


Newell, 189 

New Hampshire, clays described, 278 
New Jersey, Cambrian clays, 413 
clays described, 413 
Cretaceous clays, 417 
glauconite in, 59 

mentioned, 39, 57, 103, 151, 153, 
165, 204, 209, 211, 213, 216, 219, 
227, 231, 233, 240 
pholerite in fire-clays of, 51 
Pleistocene clays, 420 
Ordovician shales, 413 
references on, 422 
Tertiary clavs, 419 
Triassic shales, 413 ■ 

New Lexington, Ohio, 448 
New Mexico, clays of, 422 
references on, 425 
Newton County, Ind., 354 
Newtonite, properties of, 53 
New Ulm, Minn., 397 
New York, clays described, 425 
Cretaceous clays, 428 
fullers' earth in, 525 
clays mentioned, 39, 58, 216, 226k 
227 

Palaeozoic shales, 426 
Pleistocene clay, 428 
references on, 432 
residual clays, 425 
Tertiary clays, 428 
Niapra shale, N. Y., 426 
Niobrara formation, N. Dak., 439 
Nontronite, 60 
Norfolk, Va., 490 

North Carolina, clays described, 432 
fullers' earth in, 525 
kaolins, 435 

mentioned, 6, 59, 77, 202 
references on, 438 
residual clays, 435 
sedimentary clays, 435 
North Dakota, clays described, 439 
Cretaceous clays, 439 
Laramie clays, 441 
natural slap in, 39 
Niobrara clays, 439 
Pierre clays, 439 
Pleistocene clays, 441 
references on, 441 
Tertiaiy clays, 441 
Northeast, Md., 380 
Northpoi-t, N. Y.,'216 

0 

Oakfield, Wis., 510 ‘ 

Oak HiU, Ohio, 450 
Oak Lev^, Va., 202 
Oaxanna, Ala., 319 
Ocher, 233 

Ocmulgee River, Qa., 336, 349 
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Odernheimer, cited, 35 
Ohio, Allegheny series clays, 447 
Brookville clay, 448 
clays described. 444 
Coal-measure clays, 444 
Conemaugh series clays, 451 
Devonian shales, 444 
Dunkard series, 451 
ferriferous limestone clay, 448 
Lower Carboniferous clays, 444 
Lower Freeport clay, 450 
Lower Kittanning clay, 448 
Lower Mercer clay, 447 
mentioned, 103, 213, 226, 227 
Middle Kittanning clay, 450 
Monongahela series, 451 
Mount Savage clay, 447 
Ordovician, 444 
Pleistocene, 451 
Pottsville series, 446 
Putnam Hill clay, 448 
Quakertown shale, 447 
references on, 452 
Sharon shales, 446 
Silurian, 444 

Upper Freeport clay, 450 
Upper Mercer clays, 447 
Ohio River region,. Pa., 459, 460, 462, 
468 

Ohio shale, Ohio, 444 
Oklahoma clays described, 453 
Olchewsky, cited, 122, 123, 126 
Oldham County, Ky., 370 
Oletangy t.hale, Ohio, 444 
Oligocepe, fullers' earth in, 525 
Oligoclase, 2, 39 
Olive Hill, Ky, 373 

fire-clays, 52, 212, 374 
Olivine, 517 

Ontario, Medina brick shale in, 426 
Oolite, Okla, 35'’ 

Open yards described, 269 
Ordovician clays, Kentucky, 369, 370 
Iowa, 357 

limestone residuals, 509 
Minnesota, 392 
Missouri, 403 
Ohio, 444 
Wisconsin, 509 
Oread limestone, 368 
Ore Hill, Pa., 454 
Orthoclase, 41, 102 

adsorptive powerS, 199 
as source ol kaolinite, 47 
effect of fluorine on, 6 
kaolinization of, 3 
reaction with water, 3 
solubility of, 2 

Orton, E., cited, 82, 122, 445 
Orton, Jr,, E., cited, 23, 26, 81. 82, 83, 
84, 85, ia3, no. 111, 151, 152, 185, 
215, 409, 445 


Osgood shale, Ohio, 442 
Ouachita County, Ark., 321 
Owen County, Ind., 350 
Owosso, Mich., 389 
Oxford, Miss., 398 


P 


Paducah, Ky., 375 
Paint-clay, Mo., 402 
properties of, 233 
Palffiozoic clays, Arkansas, 321 
Georgia, 336 
New York, 426 
Pallet-driers described, 232, 
referred to, 282, 1^4 
Panola, Ky., 370 
Paper clays, Georgia, 341 
Missouri, 402 
Pennsylvania, 454 
properties, 232 
sources, 232 
South Carolina, 473 
Vermont, 379 
Parian ware defined, 298 
Paris, Tex., 482 
Parkersburg, W. Va., 502 
Parkville, Pa , 459 
Parmelee, C. W., cited, 114 
Parrot River, Eng , 234 
Parsons, C. L., cited, 520, 521, 527 
Patapsco, Md., 337 
Patrick County, Va., 489 
Patten, cited, 107 
Patuxent formation, Md., 382 
Paving-brick clays, composition of, 226, 
' 227 


Indiana, 353 
Iowa, 227, 362 
Kansas, 367 
Maryland, 380 
Michigan, 389 
Missouri, 407 
Nebraska, 412 
New York, 426, 428 
Ohio, 444, 448, 450, 451 
Pennsylvania, 458, 461, 466 
properties of, 226 
Texas, 481, 482, 484 
Virginia, 490 
West Virginia, 498, 501 
Wisconsin, 509 
Peaceburgh, Ala., 319 
Pegmatite as source of kaolin, 200, 380, 
457 


referred to, 11, 435 
Pe^m, Ala., 319 
Peiamc clays, 25 

Pembina Mountains, N. Dak., 439 
Pendleton County, W. Va., 497 
Pennsylvania, All^heny series clays, 458 
Alton fir^lay, 458 
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Pennsylvania, Bolivar fire-clay, 462 
Brookville clay, 459 
clays described, 454 
Darlinj^n clay, 462 
Devonian shales, 457 
Carlxiniferous clays, 458 
Clarion clay, 460 
Conemaugh series clays, 466 
ferriferous coal under-clay, 460 
kaolin, 6 

Lower Barren Measures, 466 
Lower Freeport clay, 462 
Lower Kittanning clay, 460 
Mercer fire-clay, 458 
Middle ^iittanning clay, 462 
Monongahela series clays, 466 
Pleistocene clays, 468 
Pottsville clays, 458 
references on, 469 
referred to, 39, 103, 213, 214, 217, 
226, 227, 233, 247 
residual clays, 454 
Savage, Mt , fire-clay, 458 
Sharon upper coal fije-clay, 458 
Silurian shales, 457 
Upper Coal-measures, 466 
Upper Freeport clay, 465 
Upper Kittanning clay, 462 
wavellite in clays of, 60 
Pennsylvanian clays, Indian Territory, 
356 

Oklahoma, 453 
Penn Van, N. Y., 426 
Penobscot Bay region, Maine, 378 
Penrose, cited, 6 
Perkins, G. H., cited, 379 
Permeability of clay, 198 
Permian clays, Indian Territory, 356 
Nebraska, 412 
Oklahoma, 453 
West Virginia, 502 
Perry County, Ohio, 448 
Perry County, Pa., 402 
Perth Amboy, N. J., 244 
Peru, Neb., 412 
Peter, A. M., cited, 376 
Petersburg, Va., 490 
Petroleum ether, effect on plasticity, 
120 

Pe-tun-tse, 11 

Phalen, W. C., cited, 376, 470 
Phenolphthalein, 2 
Philadelphia, Pa., 468 
Phlogopite, 2, 68 
Pholente in fire-clays, 51 
in Missouri clays, 61, 403 
properties of, ^ 
referred to, 40, 70, 202 
Phosphoric acid, distribution in clays, 
114 

effect on clay, 114 
Physical properties of clay, 117 


INDEX 


Physical tests of clayey Alabama, 820 
Georgia, 341 
Marjdand, 384 
Michigan, 393 
Missouri, 409 
New Jersey, 423 
New York, 431 
North Carolina, 437 
North Dakota, 442 
Texas, 484 
Virginia, 493 
West Virginia, 505 

Piedmont region, residual clays of, 12 
Piedmont, W. Va., 498 
Pierre shales, North Dakota, 439 
South Dakota, 474 
Pike County, Ark., 321 
Pine Grove, Pa., 458 
Pinkerton Point, Pa., 460 
Pinson, Tenn., 477 
Pipe-clay defined, 231 
Pipe-press-described, 275 
Pittsburg coal, clay parting in, 466 
referred to, 451, 466, 601 
Pittsburg, Kan., 367 
Pittsburg, Pa., shales at. 466 
Plagioclase as source of kaolinite, 3, tt 
mentioned, 41 

Plasticity, ball theory of, 124 
cause of, 121 
colloid theory of, 124 
defined, 119 

effect of bacteria on, 129 
effect of weathering on, 129 
I molecular attraction theory of, 128 
plate theory of, 122 
relation to tensile strength, 148 
texture theory of, 121 
water necessary for developing, 120 
water-of-hydration theory, 121 
‘ Platt, F., cited, 470 
Platte Canon, Colo., 329 
Platteville, Wis., 610, 611 
Pleistocene clays, Alabama, 319 
Arkansas, 322 
Colorado, 330 
Connecticut, 331 
Indiana, 353 
Iowa, 365 
Kansas, 368 
Kentucky, 376 
Maryland, 38^ 

Massachusetts, 387 
mentioned, 54, 60, 220, 227| 322) 
369, 370, 439 
Michi^, 390 
Minnesota^ 397 
Mississippi, 398 
Missoun, 408 
New Jersey, 420 
New York, 428 , 

North Dakota, 441 



INDEX 547 


Heistooene clays, Ohio, 451 
Pennsylvania, 468 
South Dakota, 474 
Texas, 484 

West Virginia, 490, 602 
Wisconsin, 510 
Pleistocene fullers’ earth, 525 
Plenske, E., cited, 196 
Plum Creek formation, 370 
Plyn)outh County, Iowa, 362 
Plymouth, Vt., 379 
Pocahontas County, W. Va., 497 
Point Pleasant River, W. Va., 165 
Polishing clay, 234 
Pomona, N. C., 435 
Pontotoc, Miss., 400 
Pope County, 111., 344 
Porcelain, bone, defined, 298 
electrical, 31 1 
manufacture of, 299 
microstructure of, 196 
spar defined, 298 
Porcelain-clay. See Kaolin 
orzellanit, 39 
orzellanjaspis, 39 
Porosity, discussion of, 162 
formula for calculating, 164 
of Iowa clays, 163 
practical bwin^ of, 163 
Portage County, Ohio, 447 
Portage County, Wis., 509 
Portage shale, N Y ., 426 
Poiter. J T., cited, 517, 518, 622, 627 
Porter County, Ind., 3.54 
Port Huron, Mich., 390 
Portland-cement clay, analyses, 233 
properties of, 233 
Port Murray, N. J., 413 
Portsmouth, Ohio, 369, 446 
Potash, in clay, 102 
Pot-clay, 231, 251 
Potomac clays, 334, 340, 381, 470 
Potsdam, residual clay from, 12 
Potsdam sandstone, Wis., 509 
Potsdam shales, Wis., 509 
Pottertown, Ky., 374 
Pottery bath-tubs, 311 
Belleek, 298 
china defined, 298 
classification, 297 
common earthenware defined. 297 
C. C. ware defined, 298 
fayence defined, 298 
ironstouf china, 298 
majolica defined, 298 
Parian ware, 298 
Rockingham ware defined, 297 
sanitary ware, 311 
semi-porcelain, 298 
semi-vitreous ware, 298 
stoneware defined, 298 
wash-tubs, 311 


Pottenr, white granite ware defined, 298 
white ware, 298 
yellow ware defined, 297 
Pottery clays, California, 325 
Georgia, 341 
Illinois, 342 

Kentucky, 370, 374. 376 
Maryland, 382 
Massachusetts, 387 
Minnesota, 394 
Nebraska, 412 
Ohio, 447, 449, 450 
Pennsylvania, 460, 461 
South Dakota, 474 
Tennessee, 476, 477 § 
tensile strength of, 150 
Texas, 481 

See also Stoneware, Ball-claijn, and 
Kaolin 

Pottery manufacture, 299 
Pottsyille formation, MH., 381 
Pottsvllle formation^ Pa., 458 
Pottsville series, Ohio, 446 
Pennsyl vania, 458 
West Virginia, 497 
Powders, elutriation of, 143 
Powell County, Ky., 369 
Pre-Cambrian clays, residual, 12 
Georgia, 336 
Minnesota, 394 
Tennessee, 476 
Wisconsin, 509 

Pressed-brick clays, Indiana, 353 
Iowa, 362 
Kansas, 367 
Maryland, .382 
Massachusetts, 388 
Minnesota, 394 
New York, 426 
Ohio, 444, 448 
Pennsylvania, 460 
Texas, 481, 483 
Wisconsin, 51 1 
Pressing, 305 
Preston County, Va., 497 
Prince George County, Md., 382, 383 
Princeton, Minn., 397 
Prochlorite, 41 
Prosser, cited, 368, 444 
Pryorsburg, Ky., 375 
Pueblo, Colo., 3^ 

Pug-mill described, 261 

mentioned, 275, 282, 287, 303 
Pulaski County, Ark., 321 
Purdy, R. C., cited, 85, 144, 176, 347 
Putnam Hill clay, Ohio, 448 
Pycnometer, 166 

Pyrite mentioned, 36, 111, 115, 228, 312, 
482 

occurrence in clay, 57 
temperature of desulphurization, 84 
weathering of, 67 
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Lunette, 188 

Seger coneH, ISO 
thermo-electric, 187 
Wedgewood, 

Pyrophyllite, dehydration temperature, 
54 

mentioned, 53, 123 
Pyroxene, 39, 41 

Q 

Quakertown clay and shale, Ohio, 447 
Quakertown coal, Ohio, 447 
Quartz, effect on clay, 64, 79 
origin, 4, 

referred to, 11, 41, 47, 48, 71, 77, 
78, 87, 164, 172, 173, 245, 435, 518 
weathering of, 4 

Quartzite as source of kaolin, 200, 331 
Quaternary. See Pleistocene 
fullers’ earth in, 525 
Queen’s Run, Pa., 459 

R 

Racine, Wis., 510 
Raleigh County, W. Va., 501 
Rancocas formation, Md., 381 
Randolph County, W. Va., 497 
Ransome, F. L., cited, 6, 325 
Rapid City, S. Dak., 474, 475 
Rare elements in clay, 60 
Raritan formation, Maryland, 383 
New Jersey, 417 

Rational analysis compared with ulti- 
mate analysis, 66 
described, 65 
fullers’ earth, 518 
method of making, 71, 75 
Read, T. T., cited, 513, 515 
Reading, Pa., 458 
Rectorite, properties of, 53 
Red clay, composition of, 19 
Red Oak, Iowa, 362 

Red Mountain, Colo., kaolinite crystals, 
42 

Red Wing, Minn., 394 
Reedsville, W. Va., 501 
Refractory index, Simonis, 174 
Re-pressing, effect on density, 269 
effect on strength, 269 
Re-pressing process. 269 
Residual clays, analyses of, 13 
Appalachian region, 12 
California, 325 
color of, 12 
Connecticut, 331 
defined, 7 
depth of, 12 
distribution of, 12 
form of deposit, 11 
from granite. 7 


Residual clays from limestone, 7 
from pegmatite veins, U 
Georgia, 336 
Indiana, 350 
Kentucky, 370 
Maryland, 380 
Massachusetts, 386 
mechanical analyses, 14 
Minnesota, 394 
Missouri, 402 
New Jersey, 413 
New York, 425 
North Carolina, 435 
origin of, 7 
Pennsylvania, 454 
Piedmont region, 12 
rate of formation, 12 
South Carolina, 470 
Tennessee, 476 
United Stiites, 12 
Vermont, 379 
Virginia, 489 
Washin^on, 494 
West Virginia, 497 
Wisconsin, 12, 609 
Retort-clay, 231 
Reusch, H., cited, 42 
Rhode Island, clays described, 470 
references on, 470 
Rich, cited, 68 
Richmond shale, Ohio, 442 
Richmond, Va., 123, 490 
Richter, cited, 168, 169, 170 
Richthofen, v., cited, 8 
Rieke, R., cited, 47, 87, 89, 105 
Ries, cited, 1, 3, 7, 13, 42, 64, 82, 93, 
102, 103, 121, 126, 129, 153, 165, 
175, 330, 470, 518, 622, 626, 627 
classification of, 27 
Riley, Ind., 353 
, Ring-pits, 261; 287 
Ripley formation, 347 
Rochester, N. Y., 426 
Rockcastle County, Ky., 369 
Rock Creek, Wyo., 513 
I Rockford, Iowa, 3^ 

Rockingham ware defined, 297 
manufacture of, 306 
Rockingham ware clay, Ohio, 460 
Rockland, Me., 378 
Rock Run, Ala., 319 
Rockwell, G. A., cited, 189 
Rogers, cited, 2 
Ronland, P., cited, 107, 125 
Rolls, described, 254 
Roman tile, 289 
Roofing-til^ described, 289 
manufacture of, ^9 
porosity of, 289 ^ 

varieties of, 289 
Roofing-tile cla^, Illinois, 347 
Kansas, 36/ 
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^fing-tile clays, Missouri, 407 
New York, 428 
Ohio, 447 

West Virginia, 601, 602 
Hose, cited, l76 
Hosenbusch, cited, 42 
Rosenhayn, N. J., 420 
Rosier, cited, 6, 47 , 

Rothe, cited, 186 
Round Knob, 111., 347 
Rowan County, Ky., 369 
Rural Valley, Pa., 460 
Rusk, Tex., 484 
Ruswll, I. C., cited, 221 
Rutile, occurrence in clay, 58 

S 

Sac County, Iowa, 362 
Safarik, cited, 42 
Safford, J. M., cited, 476, 477 
Sagger-clay, defined, 231 
Kentucky, 376 
Ohio, 456 
Saggers, 297, 307 
Saginaw, Mich., 389, 390 
St. Austell, England, kaolin at, 6 
St. Charles, Mich., 389 
St. Charles, Pa., 458 
St. Joseph County, Ind., 364 
St. Louis, Mo., 103, 404 
St. Louis clay, silica in, 77 
St. Louis limestone, clay in, 344 
Salem, Mass., 388 
Salina, Kan., 368 
Salina, Pa., 466 
Salina shales, gypsum in, 58 
New York, 426 
Salisbury, R. D., cited, 41 
Saltzburg sandstone, W. Va., 501 
Saluda shale, Ohio, 442 
San Antonio, Tex., 484 
San Bernardino County, Cal., fullers* 
earth, 626 

Sand, effect on shrinkage, 157 
Sand-blast, 295 

Sandstone, residual clay from, 12 
Sand-wheels, 248 
Bandy Ridge, Pa., 459 
Sandy Run, Pa., 458 
San Juan district,- N. M., 424 
Sasparaco, Tex., 484 
Saj^ville, N. J., 418 • 

Scapolite, as^urce of kaolinite, 47 
solubility of, 2 

Schist, as source of kaolin, 200 
formation of, 36 
referred to, 489, 609 
Schlossing, cited, 125 
Schorl, 245 
SchrOtterite, 53 
SciotoviUe, Ohio, 446 


Scranton, Ohio, 448 
Scumming, 191 
Seaman, cited, 121 
Sebewaing, Mich., 389 
Sectionf}, Bellaire, Ohio, 450 
Brazil, lad., 353 
Currier, Tenn., 478 
Edgar, Fla., 335 
Fairburn, S. Dak., 525 
Georgia fullers* earth, 525 
Grand Junction, Tenn., 477 
Indiana Coal-measures, 361 
kaolin-deposit, 13 
New Cumberland, W. Va., 498 
Olive Hill, Ky., 373 
residual clay-deposit, 7* 

Upper Ohio River, 469 
Zanesville, Ohio, 448 
Sedimentary clays described, 14 
classification of, 18 
Cretaceous. 17 

distinguished from residual, 17 
estuarine type, 19 
flood-plain type, 20 
lake type, 20 
marine type, 19 
origin, 14 

structural in'egularities, 17 
swamp type, 20 
Tertiary, 17 
variations in, 17 

Seger, H., cited, 68, 81, 82, 83, 87, 104, 
105, 107, 111, 113, 118, 119, 126, 129, 
180, 210 

Seger cones, 180 

Ashley’s experiments, 185 
Geijsbeek’s experiments on, 186 
Rothe’s experiments on, 186 
Simonis* experiments on, 186 
Zimmer’s experiments on. 186 
Selenite, 58 

Selma chalk, Mississippi. 398 
Semi-dry press process described, 266 
Semi-porcelain defined, 298 
Semi-vitreous ware defined, 298 
Semper, cited, 6 
Senfft, cited, 85 
Serpentine, as source of clay, 1 
Settling-tanks, 251 
Sewanee coal, fire-clay with, 476 
Sewell, Md., 382 
Sewer-pipe clays described, 217 
distribution, 220 
Indiana, 348, 353 

Sewer-pipe clays, Indian Territory, 367 
Maiyland, 382 
Michigan, 389 
Missouri, 407 
North Carolina, 436 
Ohio, 444, 446, 460 
Pennsylvania, 462 
properties of, 217 
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Sewer-pipe clays, Texas, 484 
Wasnington, 494 
West Virginia, 498 
Se^^er-pipe manufacture, 276 
Shaftsbury, Vt., 379 
Shale, adsorptive power, 199 
formation of, 199 
tensile strength, 150 
Shaler, M. K., cited, 330, 425 
Sharon clay, Ohio, 446 
Pennsylvania, 458 
Sharon coal, Ohio, 446, 447 
Sharon sandstone, Ohio, 446 
Sharon shale, Ohio, 446 
Shawano, Wis., 510 
Sheboygan. *Wi8., 510 
Shenandoah limestone clay, W. Va., 491 
Shepherd, E., cited, 89 
Shepherdstown, W. Va., 497 
Sherman, Tex., 482 
Shingle tile, 289 
Shiprock, N. M., 424 
Shirley’s Mills, Ala,, 319 
Shrinkage, cubic, Iowa clays, 163 
measurement of, 160 
See also Air- and Fire-shrwkage 
Siderite, decarbonatiou temperature, 84 
forms of, 57 
occurrence in clay, 57 
referred to, 80 
Siebenthal, C. B., cit<Kl, 615 
Sienna, 233 
Sievern, S. C., 416 
Silica, amount in clays, 77 
combined, 77 
determination of, 72 
effect on clay, 78 
fluxing action, 78, 169 
free, 77 
hydrous, 79 
minerals containing, 77 
Silica brick, Pa., 457 
Silicates, development during burning, 
196 

Sillimanite, as source of kaolinite, 39, 47 
Silurian clays, Indian Territory, 367 
Iowa, 357 

Kentucky, 369, 370 
Maryland, 380 
Michigan, 388 
New York, 426 
Ohio, 444 
Pennsylvania, 467 
Simonis, M^., oited, 172, 186 
Skillihan, Ky., 369 
Slaking clays, 197 
Slip-clays, analyses of, 230 
fluxes in, 230 
New York, 230 
properties, 228 
Texas, 484 
uses, ^0 


Slip pump, 251 
Sloan, E., cited, 518 
Smectite, 616, 617 
Smith, J. L., cited, 52 
Smithvule, Tenn., 476 
Smock, J. C., cited, 166 
Snyder Cowty, Pa., 467 
Soak-pit discribed, 261 
Socorro, N. Mex., 422 
Soda, effect on clay, 102 

minerals serving as source, 102 
Sbdalite as source of kaolinite, 47 
Soft-mud process, 261, 287 
Solubility of minerals, 2 
Soluble salts, 115, 216, 343l|f 
method of use, 117 
origin of, 116 
. prevention of, 116 
quantity in bricks, 116 
references on, 118 
relation to tensile strength, 166 
South Amboy fire-clay, 418 
South Amboy, N. J., 181, 418 
^uth Carolina, clays described, 470 
coastal plain clays, 470 
fullers’ earth, 626 
referred to, 213, 233 
residual clays, 470 
white clays, 473 

South Dakota, clays described, 474 
fullers' earth, 526 
references on, 475 
South Hadley, Mass., 387 
South Haven, Mich., 390 
South Mountain, Pa., white clay, 464 
South River, N, J., 418 
Spanish tile defined, 289 
Specific gravity, apparent, 166 
changes on heating, 176 
determination of, 166 
discussion of, 164 
Iowa clays, 165 
minerals in clay, 164 
Missouri clays, 166 
New Jersey clays, 165 
real, 165 

West Vir^ia clays, 166 
Spencer, J. W., cited, 342 
SpUman, W. Va., 601 
Spodumene, solubility of, 2 
Springs, relation to clay-bede, 
234 

Stafford Court House, Md., 490 
Staley, H., cited, 84, 111 e 
Stark County, Ohio, 447, 448, 449 
Starke County, Ind., 364 
Staten Island clay, rutile in, 68 
SteindOrfel, 516 
Steubenville, Ohio, 461 
Stevens Point, Wis., 609 
Stewart County, Tenn., 476 
Stiff-mud machine, 280 
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Stiff-mud process described, 265 
referred to, 282, 284, 287 
Stockbridge, Wis., 610 
Stockton, Cal., 325 
Stone, R. W., cited, 470 *■ 

Stone Mountain, Ga., halloysite at, 49 
Stoneware defined, 298 

manufacture, 306 m 
Stoneware-clay, chemical composition, 

Delaware, 334 
Indiana, 353 
Iowa, 362 
Kansas, 367 
Maryland, 382, 383 
Minnesdta^ 394 
Mississippi, 398 
Missouii, 216, 403, 407, 408 
New Jersey, 216 
New York, 216, 428, 

North Carolina, 436 
Ohio, 215, 395, 448, 450 
physical properties, 216 
physical tests, 215 
Texas, 216, 482, 483, 484 
usee, 216 

Stose, G. W., cited, 60, 470 
Stover, E. C., cited, 1^ 

Stream-clajrs, Wisconsin, 510 
Stremme, cited, 2 
Striegau, halloysite from, 60 
Stronecker, J. K., cited, 60 
Strontium, adsorption by clay, 198 
Structural features, sedimentaiy clays, 17 
Sub-Carboniferous, Mississippi, 398 
Missouri, 403 
Suffolk, Va., 490 

Sullivan, adsorption experiments of, 199 
Sulphates, adsorption by clay, 199 
in clay, 116 

Sulphur, effects in burning, 193 
in clay, 67, 111, 117 
determination of, 73 
* scumming caused by, 191 
Sulphur Springs, Tex., 483 
Summers County, W. Va., 497 
Summit County, Ohio, 447 
Summit Station, Ohio, 444 
Sunday Creek Valley, Ohio, 451 
Swallows Falls, Md., 381 
Swamp-clays, 20 

Swiss clays, rational analysis of, 71 
Sylva, N. C., 436 . 

Sylvan shal% 367 
Synclines, 2^ 

Syracuse, N. Y., 426 

T 

Table Rock, Neb., 412 
Tklc»123 

TaHohaswe, Fla., 334 


Tallow, bleaching of, 621 
Tannin, adsorption by clay, 199 
Taunton, Mass., 387 
Taylor County, Ky., 371 
Taylor-Navarro marls, Texas, 482 
Taylor, Tex., 483 
Taylor, Wasn., 494 
Tayldrite, 513 
Templeton, Pa., 460 
Tennessee, alluvial clays, 478 
Carboniferous clays, 476 
clavs described, 475 
PalJEozoic clays, 476 
Pre-Cambrian clays, 476 
references on, 479 
Tertiary clays, 477 • 

Tensile strength, Beyer and Williams* 
experiments, 165 
cause of, 151 
definition, 148 
effect of mixtures on, 155 
measurement of, 148 
Missouri clays, 150 
Orton's experiments, 151 
practical bearing, 148 
range in different clays, 160 
relation to plasticity, 148 
relation to texture, 161 
Kies' experiments, 153 
stoneware-clays, 161 
Texas clays, 151 

Terrace-clays, Pennsylvania, 468 
Texas, 484 
West Virginia, 602 
See Flood-plain clays 
Terra-cotta defined, 289 
fayence, 295 
manufacture of, 290 
referred to, 182, 214, 216 
Terra-cotta clays, descriW, 216 
distribution, 217 
Maryland, 382 
Massachusetts, 386 
Missouri, 407 
Nebraska, 412 
New Jersey, 420 
properties of, 216 
tests of, 217, 219 
Washin^n, 494 
Terra-cotta lumber defined, 283 
Terra-cotta lumber clay, Pa., 466 
Terra Haute, Ind., 353 
Tertiary clays, Alabama, 319 
Arkansas, 321 
Colorado, 329 
Florida, 334 
- Illinois, 347 

Kentucky, 374, 376 
Maryland, 383 
Mississippi, 398 
Missouri, 398, 408 
New Jersey, 419 
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Tertiary cWs, New York, 428 
North Dakota, 441 
OUahoma, 453 

referred to, 28, 204, 213, 220, 232, 
329, 370, 439 < 
sedimentary, 17 
South Dakota, 474 
Tennessee, 477 
Texas, 483 
Virginia, 490 
Washin^on, 494 
Wyoming, 512 

Tertiary, fullers’ earth in, 525, 526 
Tessene, 296 

Texas, calcareous clays, 58 
Carbonifbrous clays, 481 
clays described, 479 
Cretaceous clays, 481 
limitic clays in, 483 
Pleistocene, 484 
references on, 488 

referred to, 94, 103, 200, 202, 213, 
216 

Tertiary clays, 483 
Thermal waters, kaolin izat ion by, 6 
Thernioscopes, compared with cones, 185 
Thomastori, Maine, 378 
Thompson, Minn., 394 
Thornton, W. Va., 165, 501 | 

Thurber, Tex., 481 

Tile. See Drain-, Floor-, Roofing-, and 
Wall-tile 

Tile-clays, Georgia, 341 
Illinois, 347 
Indiana, 348, 354 
Indian Territory, 356 
Iowa, 357, 361 
Tennessee, 476, 477 
Wisconsin, 510 
Tioga County, Pa., 462 
Tionesta coal, Ohio, 446 
Tionesta sandstone, Ohio, 446 
Tishomingo County, Miss., 398 
Titanite, 41 

Titanium, determination of, 73 
effect on clay, 104 
in fire-clays, 210 
range of, in clays, 103 
Todd County, Ky., 370 
Todd, J. E., cited, 474 
Tonawanda, N. Y., 428 
Topaz, kaolinization of, 4, 47 
Topeka, Kan., 367 
Tourmaline, in clays, 41 
in kaolin, 59, 245 
Tracy City, Tenn., 476 
Transported clays, 14 
Trenton limestone, Missouri clay in, 403 
Trenton, N. J., 419 
Triassic clays, Kansas, 368 
New Jersey, 39, 413 
North Carolina, 436 


Triassic clays, Virgihia, 490 

Troy, N. C., 435 

Tucker County, W. Va., 497 

Turquoise, with kaolin, 7 

Tuscaloosa, Ala., 319 

Tuscaloosa formation, 340, 398 

Tuscarawas County, Ohio, 447, 448, 449 

U 

ITffington shales, W. Va., 501 
Ultimate analysis explained, 61 
interpretation of, 62 . 
method of making, 72 
Ultramarine clay, 234 
Union City, Mich., 390 
Union County, Ky., 370 
Union County, Pa., 458 
Union Furnace, Ohio, 447 
United States, residual clays in, 12 
Up-draft kilns, 271 

Upper Barren Measures, See Dunkard 
series 

Upper Coal-measures See Movongahda 
series 

Upper Cretaceous, Georgia, 340 
New Jercey, 419 
Texas, 481, 483 

Upper Freeport clay, Ohio, 450 
West Viiginia, 501 
Upper Freeport coal, 465 
Upper Kittanning clay, Pa , 462 
Upper Marlboro, Md., o83 
Upper Mei'cer coal, Ohio, 447 
Upper Mercer fire-clay, Ohio, 447 
Upper Mercer limestone. Ohio, 446 
Upper Productive Measures. See flfo- 
nunyahela series 
Upshur County, W, Va , 501 
Utica, III., 212, 344 

V 

Vaiden, Miss., 400 

Valley Head, Ala., halloysite at, 49 

Valmont, Colo , 3^ 

Vanadiates, in clay, 59 
Van Bemmelen, cited, 124 
Vandalia, Mo., 404 
Van Hise, C, R., cited, 47 
Vanport limestone clay, Ohioj 448 
Vaughan, T. W., cited, 525, 527 
Veath, 0., cited, 341, 342 
Vegetable oils, fullers’ earth treatment 
of, 521 

Vegetation of clay-soil, 237 
Vermilion, S. Da«., 476 
Vermont clays described, 379 
references on, 379 
Vernadsky, W., cited, 196 
Verne, Mich., 389 , 

Vinton County, C^i0, 448 
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Virginia, Carboniferous clays, 490 
clays described, 4S9 
Oonemaugh serieH-clays, 601 
diatomaceous earth, 490 
fullers' earth, 526 
Pleistocene clays, 490 
references on, 494 
referred to, 59, 103, 202 
residual clays, 489 
' Tertiary clays, 490 
Triassic clays, 490 
Vitrification, relation to color, 197 
st^es of, 167 
Vivianite in clays, 60 
Vogt, G., cited, 47, 129 
Vort, J. H. L., cited, 3, 4 
Volume, determination of, 160 
Volumeter for specific gravity determi- 
nation, 161 

Segera’, described, 162 
Von Buch, cited, 6 


W 


Waco, Ky., 375 
Waco, Tex., 482 
Wad-clay, defined, 232 
referred to, 307 
Walhalla, N. Dak., 441 
Wallinrford, Vt., 379 
Wall-tile, manufacture of, 296 
referred to, 233 
Wall-white, cause of, 116 
Walsenburg, Colo., 329 
Ware-clay defined, 231 
Warren County, Ky., 370 
Washing clay, 248 
Washington, clays described, 494 
references on, 494 
Washington County, Ohio, 461 
Washiilgton, D. C., 334, 490 
Washington, H. S., cited, 72 
•Wash-t^, manufacture of, 31 1 
Water, absorption of, by clay, 106 
chemically combined, 107 
effect on black coring, 110 
mechanically combined, 106 
relation to weathering, 2 
Waupaca County, Wis., 610 
Waushara County, Wis., 610 
Wavellite, in clay, 60 
Kentucky, 61 
Pennsylvania, 60 
Waverly sesiBS, 371 
Way, T., cited, 124, 198 
Weatherford, Tex., 481 
Weathering, effect on plasticity 129 


processes, 1 

Webo County, Tex., 483 
Webeter, N. d, 121, 202, 435 
Wedgewood pyrometer, 188 
Widg{%tab!M described, 303 


Wegemann, C. H., cited, 190 
Weinschenk, E., cited, 60 
i Weldon, N. C., 436 
1 Wellsburg, W. Va., 601 
West Cornwall, Conn., 331 
j West MiUs, N. C., 4.35 
I Westmoreland County, Pa., 462, 466 
; Weston County, Wyo., 614 
; • Westover, Pa., 462 

, West Virginia, Carboniferous clays, 497 
I clays described, 497 

I ^ecific gravity of, 165 

Devonian clays, 497 
' Dunkard clays, 502 

Lower Carboniferoils u|ays, 497 
Monongahela series clays, 601 
Pleistocene clays, 602 
references on, 506 
referred to, 213 
Silurian clays, 497 
Wet pan described, 261 

referred to, 275, 284, 287 
Wheeler, A. H., cited, 41, 49, 62, 68, 
85, 98, 122, 123, 129, 149, 150, 
159, 165, 167, 178, 226, 231, 289, 
402 

classification of, 24 
White, L C., cited, 406, 451 
White granite ware defined, 298 
Whiteware, decoration of, 308 
defined, 298 
manufacture of, 307 

White-ware clay, Missouri, 402., See 
also Kaolin 
Whitewash, 191 

prevention of, ll6 
See Soluble salla, 

Whitney, M., cited, 14, 121 
Whitnevs, N. J., 420 
Wickliffe, Ky , 375 
Wilcox, Miss., 400 
Wilcox formation, 398, 400 
W^illard, Ky., 374 

Williams, I. A , cited, 161, 156, 166, 227, 
284, 361 

Wilkesboro, N. C., 435 
Williamsport, Pa., 468 
Willow Station, Ohio, 443 
Will's VaUey, Ala., 319 
Wilmington, Del, 334 
Wilmont, Va., 490 
Windom, N. Y., 426 
Winston County, Miss., 398 
Wisconsin, clays described, 606 
minerals in, 41 
Pleistocene clays, 610 
references on, 511 
referred to, 58, 93 
residual clay in, 12, .509 
sedimentary clays, 509 
Wood County, Wis., 609 
Woodbine formation, T^x., 482 
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Woodbridg^ N. J., feldspar beds, 54 
referred to, 231, 240, TAi 
Woodbridge fir^lay, 418 
Woodbury County, Iowa, 362 
Woodland, Pa., 459 
Woodmansie, N. J., 420 
Woodstock, Ala., 319 
Woodstown, N. J., 102 
Woodward County, Okla., 453 
Woolsey, L. H., cited. 461, 470 
Worthen, A. H., cited, 347 
Wrenshall, Minn., 397 
Wright, G. F., cited, 470 
WOst, E., cited, 6 
Wyoming, clays described, 512 
natural 41ags in, 39 
references on, 515 
referred to, 156 

Wyoming County, W. Va., 501 
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Y 

Yellow ware, clays for, 216, 450i 
defined, 297 
manufacture of, 306 


Z 

Zalinski, E., cited, 7 
Zeolites, solubility of, 2 
Zettlitz, Bohemia, IM, 125 
kaolin at, 6 

Zimmer, W. H., cited, 79, 185 
Zinc, in clay, 121 
Zinc-retorts, 214, 231 
Zoisite as source of kaolinite, 47 
Zschokke^ oit^, 68, 70, 119, 124, 128 
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